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MULTI-DIMENSIONAL ELECTROPHORESIS APPARATUS 

Background of the Invention 

f 

[0001] 1. Field of the Invention: 

[0002] The present invention relates generally to the analysis of chemical and biological 
materials and, more particularly, to an improved electrophoresis apparatus which 
simultaneously performs multiple analyses on a plurality of aaalytes. 
[00031 2. General Baclcground and State of the Art: 

[0004] Electrophoresis is a Imown technique for separating and characteriznig constituent 
and/or biological molecules, or analytes, present in simple and complex matrices undergohig 
analysis. Candidate sample compounds include drugs, proteins, nucleic acids, peptides, 
metabolites, biopolymers and other substances which exist in simple and complex forms. 
[0005] Conventional systems are based on interchangeable cartridges which house a thin 
capillary tube equipped with an optical viewing window that cooperates with a detector. 
Sample solutions and other necessary fluids are placed in vials (cups) positioned beneath inlet 
and outlet ends of the capillary tube by means of a rotatable table. 
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and/or matrix, molecular components migrate through the tube at different rates and physically 
separate them. The direction of migration is biased toward an electrode with a charge opposite 
to that of the molecules under investigation. As the molecules pass the viewing window, they 
are monitored by a UV and/or other detector which transmits an absorbance and/or appropriate 
signal to a recorder. The absorbance and^or appropriate values are plotted as peaks which 
supply qualitative and quantitative analytical information in the form of electropherograms. 
[0007] Electrophoresis separation relies on the different migration of charged particles in 
an electric field. Migration speed is primarily influenced by the charge on a particle which, in 
turn, is determined by the pH of the buffer medium. Electric field strength, molecular size and 
shape of the analyte, temperature of the system, and other parameters.also influence migration 
behavior. 

[0008] Electrophoresis is a family of related techniques that perform high efficiency 
separations of large and small molecules. As one embodiment of this science, capillary 
electrophoresis is effective for obtaining rapid and highly efficient separations in excess of 
one-hundred-thousand plates/meter. Because it is a non-destructive technique, capillary 
electrophoresis preserves scarce physical samples and reduces consumption of reagents. A 
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fused silica (quartz) capillary, with an inner bore diameter ranging from about 5 microns to 
about 200 microns and a length ranging from about 10 centimeters to about 100 centimeters, is 
filled with an electrically conductive fluid, or background electrolyte, which is most often a 
buffer. Since the column volume is only about 0.5 to about 30 microliters, the sample 
introduction volume is usually measured in nanoliters, picoliters and femtoliters (ideally 2% of 
the total volume of the coluncm). As consequence, the mass sensitivity of the technique is quite 
high. 

[0009] Improved instrumentation and buffer-specific chemistries now yield accurate peak 
migrations and precise area counts for separated analytes. But, capillary electrophoresis is still 
limited by concentration sensitivity. 

[0010] To overcome this deficiency, a series of solid-phase microextraction devices have 
been developed for selective and non-selective molecular consolidation. These devices, which 
are used on-line with a capillary tube, are commonly known as analyte concentrators containing 
affinity probes to bind target compounds. Typical embodiments are described in U.S. Patent 
No. 5,202,010 which is incorporated by reference in this disclosure. Other relevant teachings 
are provided by U.S. Patent No. 5,741,639 which discloses the use of molecular recognition 
elements; and U.S. Patent No. 5,800,692 which discloses the use of a pre-separation membrane 
for concentrating a sample. 

[0011] Even with the advent of analyte concentrators, there is still a need to improve the 
sensitivity levels for the samples that exist in sub-nanomolar quantities. This deficit is 
particularly acute in the clinical environment where early detection of a single molecule may be 
essential for the identification of a life-threatening disease. 

[0012] Known capillary electrophoresis instruments are also limited by low-throughput, 
i.e., the number of samples that can be analyzed in a specified period of time, U.S. Patent No. 
5,045,172, which is incorporated by reference, describes an automated, capillary-based system 
with increased analytical speed. The '172 patent represents a significant improvement over the 
prior art. But, throughput is still relatively low because the instrument uses only one capillary 
which performs single sample analyses in approximately 30 minutes. 



LosAngeles/151030.4 



2 



wo 2005/047882 



PCT/US2004/038401 



[0013] U.S. Patent No. 5,41 3,686 recognizes the need for a multi-ftinctional analyzer using 
an array of capillary tubes. Like other disclosures of similar import, the 86 patent focuses on 
samples having relatively high concentrations. There is no appreciation of the loadability and 
sensitivity necessary for analyzing diluted samples, or samples present at low concentrations in 
a variety of liquids or fluids, 

[0014] Based on these deficiencies, there exists an art-recognized need for an 
electrophoresis instrument having higher loadability, better detectability of constituent 
analytes, faster throughput and multi-functional capability for analyzing a plurality of 
components in a single sample and/or a plurality of samples with high and low concentrations 
of components using a variety of chromophores, detectors and/or pre-concentration devices. 
Objects of the Invention 

[0015] Accordingly, it is a general object of the present invention to provide an improved 
electrophoresis apparatus having at least one transport capillary or channel, at least one 
separation channel or capillary and an analyte concentrator positioned there between. 
[0016] It is another object of the present invention to provide an electrophoresis apparatus 
having greater operating efficiency, detectability and throughput. 

[0017] An additional object of the present invention is to provide a user-fiiendly, sample 
preparation step which is designed to eliminate imwanted analytes that occupy binding sites 
and contaminate the inner walls of capillaries or channels. 

[0018] A further object of the present invention is to provide an electrophoresis apparatus 
tiiat can analyze mviltiple samples having a single constituent, or multiple constituents of a 
single sample, or multiple constituents of multiple samples. 

[0019] It is a further object of the present invention to provide an electrophoresis apparatus 
which uses more than one analyte concentrator to sequentially bind more than one analyte in a 
single complex matrix, or in multiple matrices of simple or complex configuration- 
[0020] It is yet another object of the present invention to provide an electrophoresis 
apparatus having enhanced loadability and sensitivity which is capable of analyzing samples 
present in a wide range of concentrations, including those found at low concentrations in 
diluted liquids or fluids with simple or complex matrices. 

[0021] It is a further object of the present invention to provide an electrophoresis apparatus 
that delivers high-throughput for screening and analyzing a wide variety of samples in multiple 
application areas, utilizing a single or multiple dimension separation principle or mode. 
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[0022] Another object of the present invention is to provide an electrophoresis apparatus 

which uses more than one separation method to sequentially permit binding to, and elution 

from, an analyte concentrator to effect the separation of one or more analytes. 

[0023] It is another object of the present invention to provide an automated, miniaturized 

desk-top electrophoresis apparatus for bioanalysis and other applications. 

[0024] Additional objects of the present invention will be apparent to those skilled in tihie 

relevant art. 

Summary of the Invention 

[0025] In one aspect of the invention, a sample including a number of analytes of interest is 
passed through a relatively large-bore transport capillary or channel orthogonal to a plurality of 
smaller-bore separation capillaries or channels. An analyte concentrator is positioned at each 
intersection of the transport capillary or channel and separation capillaries or channels. 
[0026] After the sample has been passed through each of the analyte concentrators, and 
after the analytes of importance are captured by each concentrator matrix, a selected buffer is 
applied to each analyte concentrator to free the system of salts and other non-relevant 
components. For exajnplej a typical buffered solution is sodium tetraborate having a pH in the 
range of 7.0 to 9.0. The bound analytes are then eluted from each concentrator matrix in a 
sequentially time-controlled fashion using an aliquot or plug of an optimal eluting solution. 
The process continues until each of the analytes has been removed from the concentrator 
matrices and passed through the detector by high resolution electrophoresis migration. To 
increase the sensitivity of the analytes, an additional analyte concentrator containing a 
chromophoric reagent may be placed in one or more of the separation capillaries or chaimels to 
react with the analyte present in that capillary. Alternatively, the eluting solution may contain 
a chromophoric reagent allowing decoupling and derivatization to occur simultaneously. The 
derivatized analytes can then be isolated in the separation capillary or channel. 
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[0027] To separate and analyze multiple samples with the electrophoresis apparatus of the 
invention, individual separation capillaries or channels are provided, each of which contains an 
analyte concentrator that enriches the analj^s present in dilute solutions of low concentration 
or enriches die analytes present at low concentrations in solutions of simple or complex 
matrices containing constituent components at a wide range of concentrations. Multiple 
elutions are carried out in a manner similar to that performed when analyzing a single sample. 
Effective results can also be achieved using solutions that contain an appropriate eluting 
chemical and a chromophoric reagent to simultaneously elute the targeted analyte and enhance 
sensitivity. As with a single-sample analyzer, an extra analyte concentrator may be placed in 
one or more of the separation capillaries or chaimels to allow on-line derivatization of analsrtes, 
prior and/or after separation conditions, to achieve even further enhancement of concentration 
sensitivity, hi addition, an extra anal3rte concentrator may be placed in one or more of the 
separation capillaries or channels to permit chemical and/or biochemical reactions^ such as the 
on-line cleavage of proteins to generate peptides. 

[0028] An analyte concentrator may also be used to quantify enzymatic products generated 
by the action of one or more pharmacological agents during a specific enzyme reaction. 
Furthermore, the use of an analyte concentrator coupled to a different mode of electrophoresis 
can be used to differentiate structurally related substances present in biological fluids or tissue 
specimens. For example, the identification and characterization of natural proteins from 
artificially-made proteins or other chemicals in serum. 

[0029] All reactions described above can be performed in an apparatus containing a format 
that includes either capillaries or channels. Li addition, the migration of analytes can be 
accomplished by an electrical and/or mechanical pump. 

[0030] Fiirther inventions of the present disclosure are set forth in the paragraphs below. 
[0031] An electrophoresis apparatus comprising: a transport capillary or channel capable 
of directing flow of a sample solution to be analyzed; a plurality of separation capillaries or 
chamiels coupled to the transport capillary or channel forming a plurality of analyte 
concentrators having affinity ligands capable of attracting at least one analyte of interest firom 
the sample solution that passes through each of the analyte concentrators; and a plurahty of 
valves located on the transport capillary or channel and on die plurality of separation capillaries 
or channels, where the valves on the transport capillary or channel control the flow of the 
sample solution through the transport capillary or chaimel and the valves on the plurality of 
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separation capillaries or channels control the flow of fluid through each of the pluraUty of 
separation capillaries or channels, whereby each of the analyte concentrators can be localized 
by the valves on the transport capillary or channel and the plurality of separation capillaries or 
channels. 

[0032] The apparatus defined above where each of the valves is movable between a first 
position and a second position, where in the first position the valves are opened to allow the 
fluid to flow through the respective capillary or channel and in the second the valves are closed 
to substantially prevent the flow of fluid through the respective capillary or channel. 
[0033] The apparatus defined above further including a matrix-assembly in each of the 
analyte concentrators, where at least one of the afiSnity ligands in each of the analyte 
concentrator is bound to the surface of the matrix-assembly. 

[0034] The apparatus defined above where the matrix-assembly is a plurality of 
microstructures taken firom the group consisting of beads, platelets, chips, fibers, polymers, 
globules, and filaments. 

[0035] The apparatus defined above where the analyte concentrator retains the 
matrix-assembly by pressure-resistant porous end walls disposed in the transport capillary or 
channel and the separation capillary or channel. 

[0036] The apparatus defined above where the matrix assembly includes a fixed 
architecture that is defined by beaded microstructures interconnected to each other and to a 
portion of the separation capillary or channel. 

[0037] The apparatus defined above where the matrix assembly includes a fixed 
architecture that is fabricated firom polymeric ndcrostructures interconnected to each other and 
to a portion of the separation capillary or channel. 

[0038] The apparatus defined above where each of the separation capillaries or channels is 
capable of separating at least one analyte retained by at least one of the affinity ligands, afl:er the 
analyte is released firom the at least one affinity ligands. 

[0039] The apparatus defined above where each of the separation capillaries or chaimels is 
capable of separating at least one of the released analyte firom the affinity ligands by at least one 
mode of capillary electrophoresis. 

[0040] The apparatus defined above where each of the separation capillaries or channels 
has an inlet and an outiet, where the analyte concentrator for the respective separation capillary 
or channel is between the inlet and the outiet, further including an auxiliary capillary or channel 
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coupled to the respective separation capillary or channel between the aaalyte concentrator and 
the outlet to provide a second fluid to the respective separation capillary or channel away from 
the analyte concentrator. 

[0041] The apparatus defined above further including an auxiliary analj^e concentrator 
downstream from the analyte concentrator on one of the separation capillaries or channels, the 
auxiliary analyte concentrator having affinity ligands capable of retmning chromophores to 
bind to the at least one analyte of interest released from the analyte concentrator to improve the 
sensitivity and selectivity of the at least one analj^e of interest. 

[0042] The apparatus defined above where each of the separation capillaries or channels is 
Hollow and filled with an electrically conductive fluid. 

[0043] The apparatus defined above where each of the separation capillaries or channels is 
hollow and filled with a gel matrix and an electrically conductive fimd. 

[0044] The apparatus defined above where each of the analyte concentrators has an 
independent temperature controlled system. 

[0045] The apparatus defined above where each of the separation capillaries or chaimels 
has an independent temperature controlled system. 

[0046] The apparatus defined above where each of the separation capillaries or channels is 
in a linear configuration. 

[0047] The apparatus defined above where each of the separation capillaries is in a coiled 
configuration or each of the separation channels is in a serpentine configuration. 
[0048] The apparatus defined above where the affinity ligands in each of the analyte 
concentrators are immobilized and are capable of purifying at least one analyte present in a 
simple solution. 

[0049] The apparatus defined above where the affinity ligands in each of the analyte 
concentrators are immobilized and are capable of purifying at least one analyte in a complex 
solution, 

[0050] The apparatus defined above where the affinity ligands in each of the analyte 

concentrators are immobilized and are capable of performing a chemical reaction. 

[0051] The apparatus defined above where the affinity ligands in each of the analyte 

concentrators are immobilized and are capable of performing multi-component chemical 

reactions. 

[0052] The apparatus defined above where the affinity ligands in each of the analyte 
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concentrators are immobilized and are capable of performing a biochemical reaction. 
[0053] The apparatus defined above where the affinity ligands in each of the analyte 
concentrators are immobilized and are capable of multi-component biochemical reactions. 
[0054] The apparatus defined above where each of the analyte concentrators has an 
encapsulated subcellular stmcture to carry drug metabolism studies. 

[0055] The apparatus defined above where each of the analyte concentrators has an 

encapsulated cellular structure to carry drug metabolism studies. 

[0056] The apparatus defined above where each of the analyte concentrators has an 
acoustic micromixing system to improve the reaction in the analyte concentrators. 
[0057] The apparatus defined above where each of the analyte concentrators has a 
microwave pxilse system to improve the reaction in the analyte concentrators. 
[0058] The apparatus defined above where the affinity ligands in each of the analyte 
concentrators are covalentiy boimd to a matrix assembly within the analj^e concentrator. 
[0059] The apparatus defined above where two adjacent transport capillaries or channels 
are staggered at each of the analyte concentrators to elongate each of the analyte concentrators. 
[0060] The apparatus defined above where the immobilized affinity ligands are bound to a 
portion of the imier wall of the separation capillary or channel forming the analyte concentrator. 
[0061] The apparatus defibaed above where the immobilized affinity ligands in each of the 
analyte concentrators attract at least one analyte of interest firom the sample solution having a 
range of concentrations. 

[0062] The apparatus defined above finiher including an outlet capillary or channel near a 
detection area, where the plurality of separation capillaries or channels merge at the outlet 
capillary or channel and an outlet valve is provided on each of the separation capillaries or 
channels near the outlet capillary or channel to sequentially control the direction of the fluid 
through the desired separation capillary or channel and towards the location of the detection 
area with the outlet valve being opened. 

[0063] The apparatus defined above fiirther including at least one detector for identifying, 
quantifying, and characterizing the analj^e of interest released fi'om the affinity ligands and 
passing through at least one of the pluralily separation capillaries or channels. 
[0064] ^ The apparatus defined above where the detector includes a detection system that is 
selected firom a group consisting of ultraviolet, fluorescence, conductivity, electrochemical, 
radioactive, mass spectrometer, circular dichroism, and nuclear magnetic resonance. 
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[0065] The apparatus defined above where the analyte concentrator is a microextraction 
device using immobilized affinity ligands within the microextraction device. 
[0066] The apparatus defined above where the analyte concentrator has a transport port 
adapted to couple to the transport capillaty or channel and a separation port adapted to couple 
to the separation capillary or channel, where the transport and separation ports intersect to form 
a concentration area to retain the affinity ligands, 

[0067] The apparatus defined above where the concentration area is surroimded by bulging 
members to retain the matrix containing immobilized affinity ligands within the concentration 
area. 

[0068] The apparatus defined above fiarther including a plurality of valves movably 
coupled to the transport and separation ports to surroimd the concentration area to control the 
flow of the sample solution through the transfport port and flow of fluid through the separation 
port. 

[0069] The apparatus defined above where the transport and separation capillaries or 
channels have openings, where the opening for the transport capillary or channel is larger than 
the openings for the separation capillaries or channels. 

[0070] An electrophoresis apparatus having a transport capillary or channel adapted to 
provide a sample solution to be analyzed and at least one separation capillary or channel to 
provide buffer solution, the electrophoresis apparatus comprising: at least one analyte 
concentrator at the intersection between the transport capillary or chamel and the at least one 
separation capillary or channel, the at least one analyte concentrator capable of attracting at 
least one analyte of interest firom the sample solution; and a plurality of valves on the transport 
and separation capillaries or channels to surround the analyte concentrator to control the flow 
of the sample and buffer solutions to the analyte concentrator. 

[0071] The electrophoresis apparatus defined above where the analyte concentrator 
includes a matrix assembly that is free and retained within the concentrator by fiits provided in 
the transport and separation capillaries or channels. 

[0072] The electrophoresis apparatus defined above where the analyte concentrator 
includes a matrix assembly that is a plurality of n:iicrostructures selected from a group 
consisting of beads, platelets, chips, fibers, polymers, globules, and filaments. 
[0073] The electrophoresis apparatus defined above where the analyte concentrator 
includes a matrix assembly having movable bead microstructures retained within the 

LosAngeles/151030.4 9 



wo 2005/047882 PCT/US2004/038401 

concentrator by pressure-resistant poroxis end walls disposed in the transport capillary or 
channel and the separation capillary or channeL 

[0074] The electrophoresis apparatus defined above where the analyte concentrator 
includes a matrix assembly having a fixed architecture defined by interconnected beaded 
microstructures. 

[0075] The electrophoresis apparatus defined above where the analyte concentrator 
includes a matrix assembly having a fixed architecture that is defined by magnetic beaded 
microstructures capable of being retained by magnetic attraction. 

[0076] The electrophoresis apparatus defined above where the analyte concentrator 
includes a matrix assembly having a fixed architecture that is defined by interconnected 
polymeric microstructures. 

[0077] The electrophoresis apparatus defined above where the polymeric microstructures 
are formed from a monolithic lattice. 

[0078] The electrophoresis apparatus defined above where the polymeric microstructures 
are formed from a sol-gel lattice. 

[0079] The electrophoresis apparatus defined above where the analyte concentrator 
includes affinity ligands that are adsorbed by beaded structures, and the affinity ligands are 
attracted to the at least one analyte of interest from the sample solution. 
[0080] The electrophoresis apparatus defined above where the analyte concentrator 
includes afBnity ligands that are adsorbed by polymeric structures, and the affinity ligands are 
attracted to the at least one analyte of interest. 

[0081] The electrophoresis apparatus defined above where the analyte concentrator 
includes afBnity ligands that are adsorbed to a portion of the iimer wall of the separation 
capillary or chaimel forming the analyte concentrator, and Hie afBnity ligands are attracted to 
the at least one analyte of interest. 

[0082] The electrophoresis apparatus defined above where the analyte concentrator 
includes afBbtiity ligands that are covalently bound to beaded structures, and the affinity ligands 
are attracted to the at least one analyte of interest. 

[0083] The electrophoresis apparatus defined above where the analyte concentrator 
includes affinity ligands that are covalently bound to polymeric structures, and the affinity 
ligands are attracted to at least one analj^e of interest. 

[0084] The electrophoresis apparatus defined above where the analyte concentrator 
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includes affinity ligands that are covalently bound to a portion of the inner wall of the 
separation capillary or channel forming the analyte concentrator, and the affinity ligands are 
attracted to at least one analyte of interest. 

[0085] The electrophoresis apparatus defined above where the analyte concentrator 
includes affinity ligands that are selected from a group consisting of whole antibodies, antibody 
firagments, lectins, aptamers, chemical dyes, protein A, protein G, substrates, enzymes, 
proteins, peptides, DNA, RNA, oligonucleotides, carbohydrates, cation exchange resins, anion 
exchange resins, immobilized metal affinity capture resins, mixed-mode resins, ions, 
aminoacids, monossacharides, fatty acids, vitamins, metabolites, viruses, bacteria, cells, and 
subcellular organelles. 

[0086] The electrophoresis apparatus defined above further including a matrix assembly 
with at least one of the affinity ligands. 

[0087] The apparatus defined above where each of the analyte concentrators has affinity 
ligands that are immobilized onto each of the respective analyte concentrators, where the 
afiinity ligands purify at least one analyte present in a simple solution having a wide range of 
concentrations. 

[0088] The apparatus defined above where each of the analyte concentrators has affinity 
ligands that are immobilized onto each of the respective analyte concentrators, where the 
affinity ligands purify at least one analyte in a complex solution having a wide range of 
concentrations. 

[0089] The apparatus defined above where each of the analyte concentrators has afEinity 
ligands that are immobilized onto each of the respective analj^e concentrators, where the 
affinity ligands perform a chemical reaction. 

[0090] The apparatus defined above where each of the analyte concentrators has affinity 
ligands that are immobilized onto each of the respective analyte concentrators, where the 
affinity ligands perform multi-component chemical reactions. 

[0091] The apparatus defined above where each of the analyte concentrators has affinity 
ligands that are immobilized onto each of the respective analyte concentrators, where the 
affinity ligands perform a biochemical reaction. 

[0092] The apparatus defined above where each of the analyte concentrators has aflBnily 
ligands that are immobilized onto each of the respective analyte concentrators, where the 
afl5nity ligands perform multi-component biochemical reactions. 
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[0093] The apparatus defined above where each of the analyte concentrators has an 
encapsulated subcellular structure to cany drug metabolism studies. 

[0094] The apparatus defined above where each of the analyte concentrators has an 
encapsulated cellular structure to cany drug metabolism studies. 

[0095] The apparatus defined above where each of the analyte concentrators has an 
acoustic micromixing system to improve the reaction in the analyte concentrators. 
[0096] The apparatus defined above where each of the analyte concentrators has a 
microwave pulse system to improve the reaction in the at least one analyte concentrator. 
[0097] The apparatus defined above where each of the analyte concentrators include 
antibodies immobilized on the surface of a matrix-like assembly. 

[0098] The apparatus defined above where each of the analyte concentrators include 
antibody firagments immobilized to the sxnrface of a matrix-like assembly. 
[0099] The apparatus defined above where the valves on the transport capillary or channel 
are opened and the valves on the separation capillary or channel are closed to allow the sample 
solution to pass through the concentrator. 

[00100] The apparatus defined above where the valves on the transport capillary or channel 
are closed and the valves on the separation capillary or chaimel are opened to allow the buffer 
solution to pass through the concentrator. 

[00101] The apparatus defined above where the plurality of valves include first and second 
valves on the transport capillary or channel and third and fourth valves on the separation 
capillary or chaxmel, where the concentrator is between the first and second valves and between 
the third and fourfli valves, where the first and second valves control the flow of sample 
solution to the concentrator and the third and fourth valves control the flow of bufifer solution 
to the concentrator. 

[00102] The apparatus defined above further including an auxiliary channel coupled to the 
separation capillary or chaimel downstream firom the analyte concentrator to provide separation 
bxiffer to the separation capillary or chaimel through the auxiliary channel away firom the at 
least one concentrator. 

[00103] The apparatus defined above further including another analyte concentrator 
downstream from the analyte concentrator on one of the separation capillaries or channels, the 
another analyte concentrator having afiSnity ligands capable of retaining chromophores to bind 
to the at least one analyte of interest released firom flie analyte concentrator to improve the 
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sensitivity and selectivity of the at least one analyte of interest 

[00104] The apparatus defined above where the sample solution has a plurality of proteins 
with a variety of isoelectric point levels, and the transport capillary or channel provides a pH 
gradient and is subject to an electric field through the transport capillary or channel for 
isoelectric focusing separation of the proteins in the sample solution. 

[00105] The apparatus defined above where the at least one separation capillary or channel 
is a plurality of separation capillaries or channels, where the proteins that are separated from the 
sample solution in the transport capillary or channel are further separated through each of the 
plurality of separation capillaries or chaimels by an appropriate capillary electrophoresis mode. 
[00106] The apparatus defined above where the at least one separation capillary or channel 
is a plurality of separation capillaries or channels which are aligned substantially parallel * 
respect to each other. 

[00107] The apparatus defined above where the transport capillary or chaimel is coupled to 
each of the plurality of separation capillaries or chaxmels in a staggered maimer. 
[00108] A system for replacing a plurality of affinity ligands adapted to attract at least one 
analyte of interest firom a sample solution, the system comprising: a first channel or capillary 
system including a plurality of separation capillaries or channels intersecting a transport 
capillary or channel forming a first plurality of analyte concentrators, where each analyte 
concentrator attracts a first predetermined set of analytes of interest firom a sample solution 
firom the transport capillary or chaimel and each analyte concentrator is surrounded by valves 
on the transport capillary or channel and the respective separation capillary or channel to 
localize the analyte concentrator; and an electrophoresis apparatus having a platform adapted to 
releasably couple to the channel or capillary system. 

[00109] The system defined above further including a second chaimel or capillary system 
having a second plurality of analyte concentrators capable of attracting a second predetermined 
set of analytes of interest that is different firom the first predetermined set of analytes of interest. 
[00110] An electrophoresis apparatus comprising: a plurality of separation capillaries or 
channels capable of directing flow of fluid; and a transport capillary or channel coupled to the 
plurality of separation capillaries or channels to form a plurality of analyte concentrators at the 
coupled areas capable of attracting at least one analyte of interest firom a sample solution that 
passes throu^ the analyte concentrators, where liie transport capillary or channel is staggered 
along at least one of the plurality of separation capillaries or channels so that the analyte 

LosAngeles/151030,4 1 3 



wo 2005/047882 



PCTAUS2004/038401 



concentrator formed along the at least one of the separation capillaries or channels is elongated. 

[00111] The apparatus defmed above further including: a plurality of valves located on the 
transport capillary or channel and on the plurality of separation capillaries or channels, where 
the valves on the transport capillary or channel control the flow of the sample solution through 
the transport capillary or chaimel and the valves on the plurality of separation capillaries or 
channels control the flow of flviid through each of the plurality of separation capillaries or 
channels, whereby each of the analyte concentrators can be localized by the valves on the 
transport capillary or channel and the plurality of separation capillaries or channels, 
[00112] The apparatus defined above where the analyte concentrator includes affinity 
ligands that are covalently bound to the iimer wall of the analyte concentrator, where the 
affinity ligands are attracted to at least one analyte of interest firom the sample solution. 
[00113] The apparatus defined above where the affinity ligands in each of the analyte 
concentrators are a plimility of different affinity ligands that attract a plurality of analytes of 
interest firom the sample solution. 

[00114] The apparatus defined above where each of the analyte concentrator includes a 
matrix-assembly that is retained within the analyte concentrator by pressure-resistant porous 
end walls disposed in the transport capillary or channel and the corresponding separation 
capillary or channel. 

[00115] The apparatus defibaed above where each of the separation capillaries or channels 
has an inlet and an outlet, where the analyte concentrator for the respective separation capillary 
or channel is between the inlet and the outlet, further mcluding a second channel coupled to the 
respective separation capillary or channel between the analyte concentrator and the outlet to 
provide a second fluid to the respective separation capillary or channel away fi'om the analyte 
concentrator. 

[00116] The apparatus defmed above where each of the analyte concentrator is a 
microextraction device adapted to replace inmiobilized affinity ligands within the 
nucroextraction device. 

[00117] An electrophoresis apparatus comprising: a plurality of separation capillaries or 
charmels, each separation capillary or chaimel having an inlet and an outlet capable of directing 
flow of first fluid firom the inlet to the outlet; a transport capillary or chaimel coupled to the 
plurality of separation capillaries or channels to form a plurality of analyte concentrators at the 
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coupled areas capable of attracting at least one analyte of interest from a sample solution that 
passes through the analyte concentrators; and an auxiliary chaxmel coupled to at least one of the 
separation capillaries or chaimels between the analyte concentrator and the outlet to provide a 
second fluid to the at least one of the separation capillaries or channels so that the second fluid 
flows towards the outlet away from the analyte concentrator. 

[00118] The apparatus defined above ftirther including: a plurality of valves located on the 
transport capillary or chaimel and on the plurality of separation capillaries or channels, where 
the valves on the transport capillary or channel control the flow of the sample solution through 
the transport capillary or channel and the valves on the plurality of separation capillaries or 
channels control the flow of the first fluid through each of the plurality of separation capillaries 
or channels, whereby each of the analyte concentrators can be localized by the valves on the 
transport capillary or channel and the plurality of separation capillaries or channels. 
[00119] The apparatus defined above where the first fluid is elution buffer that passes 
through the analyte concentrators to release the amdyte of interest from the analyte 
concentrators. 

[00120] The apparatus defined above where tiie second fluid is a separating buffer provided 
away from the analyte concentrators towards the detection area to separate the released analyte 
of interest. 

[00121] The apparatus defined above further including affinity ligands that are immobilized 
directiy to the inner wall of each of the analyte concentrators to purify at least one desired 
small-molecular-weight substance present in a simple solution. 

[00122] The apparatus defined above further mcluding affinity ligands that are immobilized 
directly to the inner wall of each of the analyte concentrators to piirify at least one desired 
biomolecule substance present in a simple solution. 

[00123] The apparatus defined above further including affinity ligands that are immobilized 
directly to the inner wall of each of the analyte concentrators to purify at least one desired 
globule structure present ra a simple solution. 

[00124] The apparatus defined above further including affinity ligands that are immobilized 
directiy to the inner wall of each of the analyte concentrators to purify at least one desired 
cellular structure present in a simple solution. 

[00125] The apparatus defined above further including affinity ligands that are immobilized 
directiy to the inner wall of each of the analyte concentrators to purify at least one desired 
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sub-cellular structure present in a simple solution. 

[00126] The apparatus defined above further including affinity ligands that are immobilized 
directly to the inner wall of each of the analj^e concentrators to purify at least one desired 
small-molecular-weight substance present in a complex solution. 

[00127] The apparatus defined above further including affinity ligands that are immobilized 
directly to the inner wall of each of the analyte concentrators to purify at least one desired 
biomolecule substance present in a complex solution. 

[00128] The apparatus defined above further including affinity ligands that are immobilized 
directly to the inner wall of each of the analyte concentrators to purify at least one desired 
globule structure present in a complex solution. 

[00129] The apparatus defined above further including affinity ligands that are immobilized 
directly to the inner wall of each of the analyte concentrators to purify at least one desired 
cellular structure present in a complex solution. 

[00130] The apparatus defined above further including affinity ligands that are immobilized 
directly to the inner wall of each of the analyte concentrators to purify at least one desired 
sub-cellular structure present in a complex solution. 

[00131] An electrophoresis apparatus, comprising: means for isolating a plurality of analj^e 
of interests from a sample solution into a corresponding plurality of areas; and means for 
localizing the pluraUly of areas to improve the means for isolating the pluraUty of analyte of 
interests. 

[00132] The apparatus defined above further including means for detecting the plurality of 
analyte of interests. 

[00133] The apparatus defined above further including means for re-using the means for 
isolating the plurality of analyte of interests. 

[00134] The apparatus defined above further including means for replacing the means for 
isolating the plurality of analytes with another means for isolating a different pliirality of 
analyte of interests. 

[00135] The apparatus defined above further including means for controlling the 
microenvironment of the plurality of areas to improve the means for isolating the plurality of 
analyte of interests. 

[00136] A method of identifying a plurality of analyte of interests from a sample solution, 
the method comprising: providing a plurality of areas where each area is capable of having 
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affinity for at least one analyte of interest from the sample solution; and localizing each of the 
plurality of areas having ajEfinity for at least one analj^e of interest. 

[00137] The method defined above further including: immobilizing affinity ligands within 
each of the plurality of areas, where the affinity ligands have attraction to at least one analyte 
of interest from the sample solution. 

[00138] The method defined above further including: incorporating affinity ligands having 
attraction to at least one analyte of interest from the sample solution within each of the plurality 
of areas; and retaimng the affinity ligands within each of the plxirality of areas. 
[00139] The method defined above further including: bonding affinity ligands to a matrix 
assembly, where the affinity ligands have attraction to at least one analyte of interest from the 
sample solution; and retaining the matrix assembly within each of the plurality of areas. 
[00140] The method defined above further including: bonding affinity ligands having 
attraction to at least one analyte of interest from the sample solution to the inner wall of each 
of the plurality of areas. 

[00141] The method defined above further including: pxu-ifying at least one analyte present 
in a simple solution in each of the plurality of areas. 

[00142] The method defined above further including: purifying at least one analyte present 
in a complex solution in each of the plurality of areas. 

[00143] The method defined above further including: performing a chemical reaction in 
each of the plurality of areas. 

[00144] The method defined above further including: performing multi-component 
chemical reactions in each of the plurality of areas. 

[00145] The method defined above further including: performing a biochemical reaction in 
each of the plurality of areas. 

[00146] The method defined above further including: performing multi-component 
biochemical reaction in each of the plurality of areas. 

[00147] The method defined above further including: isolating at least one analyte of 
interest from the sample solution into each of the plurality of areas; and micrombdng 
acoustically the plurality of areas to improve the step of isolating. 

[00148] The method defined above further including: isolating at least one analyte of 
interest from the sample solution into each of the plurality of areas; microreacting the at least 
one anals^e of interest within each of the plurality of areas; and micromixing acoustically the 
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plurality of areas to improve the step of microreacting. 

[00149] The method defined above further including: isolating at least one analyte of 
interest from the sample solution into each of the plurality of areas; and e3q)Osing microwave 
pulses to the plurality of areas to improve the step of isolating. 

[00150] The method defined above further including: isolating at least one analyte of 
interest from the sample solution into each of the plurality of areas; microreacting the at least 
one analyte of interest within each of the plvtrality of areas; and exposing microwave pulses to 
the plurality of areas to improve the step of microreacting. 

[00151] The metiiod defined above fiuther including: controlling the flow of the sample 
solution to each of the plurality of areas. 

[00152] The method defined above fijrther including: isolating at least one analyte of 
interest from the sample solution into each of the plurality of areas; and controlling the 
microenvironment of each of the plurality of areas to enhance the isolating step. 
[00153] The method defined above further including: replacing the aflSnity iigands in each 
of the plurality of areas. 

[00154] The method defined above further including: conditioning the plurality of areas. 
[00155] The method defined above further including: concentrating the sample solution to 
form a concentrated sample solution; and isolating at least one analyte of interest from the 
concentrated sample solution into each of the plurality of areas. 

[00156] The method defined above further including: elongating each of the plurality of 
areas to attract additional analyte of interests. 

[00157] The method defined above further including: orientating the affinity Iigands with 
respect to each other within each of the plurality of areas. 

[00158] The method defined above further including: releasing the analyte of interest from 
each of the plurality of areas in a predetermined sequential order. 

[00159] The method defined above further including: releasing the analyte of interest from 
each of the plurality of areas simultaneously. 

[00160] A method of identifying a plurality of analyte of interests from a sample solution, 
the method comprising: intersecting a plurality of separation capillaries or chamels to a 
transport capillary or channel to form a plxu:ality of analyte concentrators, where each analyte 
concentrator has afBnity for at least one analyte of interest from the sample solution; and 
localizing each of the plurality of analyte concentrators to enhance each of the analyte 
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concentrators from attracting the at least one analyte of interest from the sample solution. 
[00161] The method defined above where the step of localizing includes: controlling 
the flow of the sample solution through the transport capillary or chaimel towards each of the 
analyte concentrators. 

[00162] The method defined above where the step of localizing includes: controlling the 
flow of a buffer solution through each of the plurality of separation capillaries or chaimels 

towards each of the respective analyte concentrators. 

[00163] The method defined above where the step of localizing includes: surrounding each 
of the analyte concentrators with valves capable of opening or closing the transport capillary or 
channel and the plurality of separation capillaries or channels. 

[00164] The method defined above further including: closing the valves on the plurality of 
separation capillaries or channels; and opening the valves on the tranqjort capillary or channel 
to allow the sample solution to pass through each of the plurality of analyte concentrators to 
attract at least one analyte of interest from the sample solution. 

[00165] The method defined above ftirther including: staggering the transport capillary or 
channel at each of the plurality of separation capillaries or channels to elongate the analyte 
concentrator formed at each of the plurality of separation capillaries or channels. 
[00166] The method defined above further including: eluting the at least one analyte of 
interest from each of the plurality of analyte concentrators; and separating the at least one 
analyte of interest from other closely related analyte of interest away from each of the 
respective plurality of analyte concentrators. 

[00167] The method defined above further including: immobilizing affinity ligands within 
each of the plurality of analyte concentrators, where the affinity ligands have attraction to the 
at least one analyte of interest from the sample solution. 

[00168] The method defined above further including: incoiporating affinity ligands having 
attraction to the at least one analyte of interest from the sample solution within each of the 
plurality of analyte concentrators; and retaining the aiBfinity ligands within each of the 
plurality of analyte concentrators. 

[00169] The method defined above further including: bonding affinity ligands to a matrix 
assembly, where the affinity ligands have attraction to the at least one analyte of interest from 
the sample solution; and retaining the matrix assembly within each of tihe plurality of analyte 
concentrators. 
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[00170] The method defined above further including: bonding affinity ligands to a matrix 
assembly that is ionized, where the affinity ligands have attraction to the at least one analyte of 
interest from the sample solution; and incorporating the matrix assembly within each of the 
plurality of analyte concentrators; magnetizing each of the plurality of analyte concentrators to 
retain the matrix assembly with the affinity ligands within each of the plurality of analyte 
concentrators. 

[00171] The method defined above further including: bonding affmity ligands having 
attraction to the at least one analyte of interest from the sample solution to the inner wall of each 
of the plxirality of analj^e concentrators, 

[00172] The method defined above further including: purifying at least one analjrte present 
in a simple solution in each of the plurality of analyte concentrators. 

[00173] The method defined above further including: purifying at least one analyte present 
in a complex solution in each of the plurality of analyte concentrators. 

[00174] The method defined above fiirther including: performing a chemical reaction in 
each of the plurality of analyte concentrators. 

[00175] The method defined above further including: performing multi-component 
chemical reactions ia each of the plurality of analyte concentrators. 

[00176] The method defmed above further including: performing a biochemical reaction m 
each of the pluraUly of analyte concentrators, 

[00177] The method defined above further including: performing multi-component 
biochemical reaction in each of the plurality of analyte concentrators. 

[00178] The method defined above further including: isolating at least one analyte of 
interest from the sample solution into each of the plurality of analyte concentrators; and 
micromixing acoustically the plurality of analjrte concentrators to improve the step of isolating. 
[00179] The method defined above fiarther including: isolating at least one analyte of 
interest fi:om the sample solution into each of the plurality of analyte concentrators; 
microreacting the at least one anal3rte of interest within each of the plurality of analyte 
concentrators; and exposing microwave pulses to the plurality of analyte concentrators to 
improve the step of microreacting. 

[00180] The method defined above further including: isolating at least one analjdie of 
interest firom the sample solution into each of the plurality of analyte concentrators; and 
exposing microwave pulses to the plurality of analyte concentrators to improve the step of 
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isolating. 

[OOlSl] The method defined above further including: isolating at least one analyte of 
interest from the sample solution into each of the plurality of analyte concentrators; 
microreacting the at least one analyte of interest within each of the pluraUty of analyte 
concentrators; and exposing microwave pulses to the pluraUly of analyte concentrators to 
improve the step of microreacting. 

[00182] The method defmed above further including: elongating each of the plurality of 
analyte concentrators to attract additional analyte of interest from the sample solution. 
[00183] The method defined above further includiog: isolating at least one analyte of 
interest from tiie sample solution into each of tiie plurality of analyte concentrators; and 
controlling the microenvironment of each of the pluraHty of analyte concentrators to enhance 
the isolating step. 

[00184] The method defined above fiirther including: replacing the affinity Ugands ra each 
of the plurality of analyte concentrators. 

[00185] The method defined above fiirther including: conditioning the plurality of analyte 

concentrators. 

[00186] The method defined above further including: concentrating tiie sample solution to 
form a concenHated sample solution; and isolating at least one analyte of interest from tiie 
concentiated sample solution mto each of tiie plurality of analyte concentrators. 
[00187] The metiiod defined above fijrther including: replacing tiie pluraUty of analyte 
concentrators witii anotiier set of a pluraUty of analyte concentrators having afBnily for a 
different analyte of interest from the sample solution. 

[00188] The metiiod defined above fiirflier including: incorporating affinity Ugands having 
attraction to at least one analyte of interest into each of tiie analyte concenti:ators; and 
orientatmg tiie affinity Ugands witii respect to each otiier witiiin each of tiie plurality of analyte 
concentrators. 

[00189] The metiiod defined above further including: releasing tiie analyte of interest from 
each of tiie pluraUty of analyte concentrators in a predetermined sequential order. 
[00190] The metiiod defined above furflier including: releasmg tiie analyte of interest from 
each of the pluraUty of analyte concentrators simultaneously. 

[00191] The metiiod defined above fiirther mcluding: providing an electiic field through tiie 
pluraUty of separation capiUaries or channels to pass buffer solutions tiirough tiie separation 
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capillaries or channels. 

[00192] The method delHned above further including: pressurizing the plurality of separation 
capillaries or channels to pass buffer solutions through the separation capillaries or channels. 
[00193] The method defined above further including: vacuuming the plurality of separation 
capillaries or channels to migrate buffer solutions throu^ the separation capillaries or 
channels. 

[00194] The method defined above further including: providing a pH gradient and an 
electric filed through the transport capillary or chamiel; isoelectric focusing of proteins with a 
variety of isoelectric point levels in the sample solution through the transport capillary or 
channel; and separating the proteins by channel electrophoresis through the plurality of 
separation capillaries or chaimels. 

[00195] The method defined above further including: incorporating affinity Ugands havmg 
attraction to at least one analyte of mterest into each of the analyte concentrators; and re-using 
the a05nity ligands to attract the at least one analyte of interest firom another sample solution. 
[00196] The method defined above where the step of re-using includes: fiDTSt conditioning 
the transport capillary or channel and the plurality of separation capillaries or channels; passing 
the sample solution through the transport capillary or channel towards the plurality of analyte 
concentrators; isolating at least one analyte of interest firom the sample solution at each of the 
plurality of analyte concentrators; cleaning each of the analyte concentrators to remove 
unwanted materials present in the plurality of analyte concentrators; second conditioning of the 
transport capillary or chaimel and the plurality of separation capillaries or chaimels; eluting 
each of the analyte concentrators with at least one desired analyte to release the analyte of 
mterest firom the step of isolating; and separating the at least one analyte of interest firom other 
closely related analyte of interest firom each of the respective plurality of analyte concentrators. 
[00197] The method defmed above further including: incorporating a plurality of different 
sets of affinity ligands into each of the plurality of analyte concentrators, where each set of 
affinity Ugands attract an analyte of interest from the sample solution, whereby each analyte 
concentrator attracts a plurality of analyte of interests. 
Brief Description of the Drawings 

[00198] FIG. 1 is a perspective view of the electrophoresis apparatus of the present 
invention; 

[00199] FIG. 2 is an enlarged, elevated view of a plurality of analyte concentrators stationed 
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at the respective intersections of a large bore transport capillary and an equal plurality of small 
bore separation capillaries; 

[002001 FIG. 3 is an elevated view of a second embodiment of the present invention, 
showing a pluraUty of analytes concentrators stationed at the respective intersections of an 
alternative transport channel and an equal plurality of separation channels; 
[002011 FIG. 3 A is an enlarged view of the described intersection containing the analyte 

concentrator microstructure; 

[002021 FIG. 4 is an enlarged, elevated view of an analyte concentrator stationed at the 
intersection of a transport capillary and a separation capillary; 

[00203] FIG. 5 is an elevated view of an analyte concentrator in the form of a cross-shaped 
capillary; 

[00204] FIG. 6 is an elevated view of the electrophoresis apparatus of the present invention, 
showing an analyte concentrator disposed along tiie l«igfli of a separation capillary; 
[00205] FIG. 7 is a perspective view of a third embodiment of the present invention, 
showing a plurality of separation capillaries connected to a single outlet capillary for sequential 
detection; 

[00206] FIG. 8 is a perspective view of a fourth embodiment of the present invention, 
showing a plurality of separation capillaries adapted to analyze multiple samples according to 
the techniques described in the specification; 

[00207] FIG. 9 is a perspective view of an electrophoresis apparatus having a valving system 
that directs liie flow of fluid along a desired path through the transport capillary and separation 
capillaries; 

[00208] FIG. 1 0 is an enlarge view of an analyte concentrator capable of being localized by 
surrounding valves on the transport and separation capillaries; 

[00209] FIG. 1 1 A illustrates a cross-sectional view of the analyte concentrator of Figure 10. 
[00210] FIG. IIB illustrates a cross-sectional view of the analyte concentrator where the 
transport capillary is staggered to form a analyte concentrator that is elongated; 
[00211] FIG. 12 illustrates the steps that may be taken to concentrate, isolate, and separate 
the desired analytes firom the sample solution; 

[00212] FIG. 13 is aperspective view of an electrophoresis apparatus having valves near the 
detector; 

[00213] FIG. 14 is a perspective view of an electrophoresis apparatus having transport and 
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separation channels with a valving system where the separation channels merge into one output 
chazmel; 

[00214] FIG. 15 is an enlarge view of one of the concentrators of FIG. 14; 

[00215] FIG. 16 a perspective view^ of an electrophoresis apparatus having transport and 

separation channels with a valving system; 

[00216] FIG. 17 is a perspective view of an electrophoresis apparatus with inlets in the 
separation capillaries downstream from the concentrators; 

[00217] FIG. 18 is a perspective view of an electrophoresis apparatus with a staggered 
transport capillary forming a concentration area that is elongated; 

[00218] FIG. 19 is an enlarge view of one of the concentrators with affinity elements 
covalently bonded to the iimer wall of the separation capillary; 

[00219] FIG. 20 illustrates the process \mdertaken to isolate the monovalent antibody 
fragment Fab'; 

[00220] FIG. 21 illustrates various chemical reactions used to covalently immobilize an 
antibody or antibody fragment to the surface of controUed-pore 'glass beads or to the surface of 
the inner wall of a separation capillary, where the silanol groups of the surface of the beads or 
inner wall of the separation capillary were silylated with 3-aminopropyltriethoxysilane and 
then reacted with SSMCC before being conjugated to a monomeric Fab' fragment 
[00221] FIG. 22 illustrates a separation capillary having more than one type of antibodies 
within its interior wall between two valves; 

[00222] FIG. 23 A illustrate an enlarge view of multiple antibodies along the interior surface 
of a separation capillary; 

[00223] FIG. 23B illustrates polymeric microstructures with Y shape antibodies having 
affinity for a particular analyte within the concentrator area without the need for frits; 
[00224] FIG. 24A illustrates an enlarge view of multiple Fab' fragments along the interior 
surface of a separation capillary; 

[00225] FIG. 24B illustrates polymeric microstructures with Fab' fragments having affinity 

for a particular analyte within the concentrator area without the need for frits; 

[00226] FIG. 25 is a perspective view of a microextraction device having four 

tubing-connecting ports adapted to couple to transport and separation capillaries; 

[00227] FIG. 26 is a perspective view of the bottom side of the microextraction device of 

FIG, 25, illustrating the concentration or reaction area; 
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[00228] FIG. 27A illxistrates the intersection area of FIG. 26; 

[00229] FIG. 27B is an enlarge view of the intersection area of FIG. 27A; 

[00230] FIG. 28A illustrates a microextraction device with a concentration area that is 

elongated; 

[00231] FIG. 28B illustrates an enlarge view of the concentration area of FIG. 28A; and 
[00232] FIG. 29 illustrates a diagnostic kit that may be used at home by individuals to detect 
early signs of certain disease(s). 
Detailed Description of the Invention 

[00233] FIG. 1 illustrates electrophoresis apparatus 10 of the present invention. In its 
elementary mode (e.g., FIG. 8), apparatus 10 performs single sample studies on chemical or 
biological matrices having constituents or analytes of interest. But, according to the operating 
principles shown and described, apparatus 10 can perform multiple analyses by detecting and 
measuring the presence of a plurality of analytes (for example, three). Suitable and 
representative analj^es may include narcotics, glucose, cholesterol or pharmaceutical drugs that 
may be present in urine or whole blood, as well as small and large molecular weigh substances 
having simple and complex structures. 

[00234] As shown in FIG. 1, apparatus 10 includes platform 12 having side wall 14. Sample 
cup 15 is mounted laterally on side wall 14. A large-bore (150-300 mm in length x 500-2000 
|jm LD.), nonselective introduction capillary 16 and large-volume (1-3 ml) analyte concentrator 
1 7 connect sample cup 1 5 to a first input of valve 1 8 which is coupled, by capillary 20, to waste 
container 22 positioned on side wall 14 adjacent to sample cup 15. In a typical configuration, 
analyte concentrator 17 comprises a matrix- like assembly of the type shown in U.S. patent No. 
5,202,010. The collective mass of the matrix is provided by large quantities of microstmctures 
such as beads, platelets, chips, fibers, filament of the like. Individual substrates can be made 
from glass, plastic or other polymeric material, ceramic, or metallic compositions, and mixtures 
thereof. Coated or otherwise deposited onto the microstmctures are immobilized 
analyte-specific antibodies or other afQnily chemistries which are suitable for characterizing 
and separating particular analytes of interest. Representative antibodies include those which 
act against peptide hormones such as insulin, human growth hormone and erythropoietin. 
These antibodies are readily available fi:om commercial vendors such as Sigma-Aldrich Co., St. 
Louis, Miss., and Peninsula Laboratories, Belmont, Calif. 

[00235] The present invention contemplates a user-fiiendly, sample preparation step which 
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is designed to eliminate unwanted analytes that occupy binding sites and contaminate the inner 
walls of capillaries or channels. This procedure will now be described with specific reference 
to apparatus 10 of FIG. 2. 

[00236] A first output of valve 18 is placed in the closed position and a quantity of solution 
firom sample cup 15 is introduced into analyte concentrator 17. Depending on its pre-selected 
matrix, analyte concentrator 17 traps, in a non- specific manner, many (up to 100 or more) 
different analytes, including the analytes under investigation. Sample cup 15 is then replaced 
by a buffer container (not shown). This replacement step may be accomplished by a rotatable 
table mechanism of the type described in U.S. Patent No. 5,045,172. Thereafter, a quantity of 
buffer is injected through analyte concentrator 17 to remove excess amounts of sample and 
unwanted sample components. Because valve 18 remains closed during this operation, excess 
and unwanted samples are passed into waste container 22. 

[00237] The remainder of apparatus 1 0 can now be considered. A second output of valve 1 8 
communicates witii transport capillary 24 which, as shown by FIG. 2, intersects a plurality, here 
shown as three, of narrow-bore (20-75 pm) separation capillaries 28, 30 and 32. Analyte 
concentrators 34, 36 and 38 are sequentially stationed at the intersections of transport capillary 
24 and separation capillaries 28, 30 and 32 to trap or bind different analytes of interest. 
[00238] A first end (the left as viewed in FIG. 1 ) of separation capillary 28 is initially placed 
in buffer solution cup 40. In like maimer, a first end of separation capillary 30 is placed in 
buffer solution cup 42; and a first end of separation capillary 32 is placed in buffer solution cup 
44. A major portion of separation capillaries 28, 30 and 32 extend in parallel over the upper 
surface of platform 12 through detection zone 45 where the analytes respectively present in 
each of the separation capillaries are identified by an otherwise conventional detector 46. 
Separation capillaries 28, 30 and 32, which terminate at ground connection 48, may be secured 
to the upper surface of platform 12 by holder 49. Platform 12 can also take the form of an 
interchangeable cartridge with pre-positioned capillaries and analyte concentrators properly 
secured and aligned with respect to the optical system. In yet another embodiment, best shown 
in FIG. 3, transport channel 24A and separation chaimels 28A, 30A and 32A, having uniform 
and concave shapes, can be engraved, etched or otherwise formed into a glass or plastic 
microchip using known lithography or other manufacturing techniques. Analyte concentrators 
34A, 36A and 38A are disposed at the respective intersections of transport chaimel 24A and 
separation chaimels 28A, 30A and 32A as previously described. 
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[00239] When the sample preparation step is complete, valve 18 is opened to the main 
system and a buffer (e.g., sodium tetraborate) is passed through introduction capillary 16 and 
analyte concentrator 17. At this time, the analytes of interest are released from analyte 
concentrator 17 using an eluting solution, along with other analyte constituents present in the 
sample. The analytes of interest and all the other analytes captured and released by 
concentrator 17 are passed through transport capillary 24 to analyte concentrators 34, 36 and 38 
which, as described below with reference to FIG. 3, contain a large quantity of microstructures 
that are capable of binding different analytes of interest; that is, each of the analyte 
concentrators 34, 36 and 38 select and isolate a different one of the analytes under 
investigation. Excess amounts of sample then pass through the other end of transport capillary 
24 to waste container 27. Transport capillary 24 is subsequently washed with running buffer 
until unwanted substances are removed. 

[002401 Separation capillaries 28, 30 and 32 are filled hydrodynamically (pressure or 
vacuum) with an appropriate electrophoresis separation buffer which occupies the entire 
volume of the capillary or channel. Immobilized analytes on a soUd siq»port are stable for long 
period of time. As a result, large numbers of analytes can be consequently separated over time, 
thereby providing high throughput for the apparatus of the present invention. Separation 
capillary 28 is first activated by introducmg a plug of an appropriate eluting buffer from cup 40 
by hydrodynamic (pressure or vacuum) or electrokmetic methods to desorb or elute analytes 
bound to analyte concentrator 34. The eluting buffer is immediately foUowed by a fireshly 
prepared electrophoresis separation buffer present m replacement cup 40. Then, the power 
supply connected to cup 40 is activated to begin tiie process of analyte separation. 
[00241] As shown m Table 1, with insulin taken as representative, a typical analysis 
involves the targeted analyte of interest, its conesponding antibody, an appropriate buffer and 
eluting solutioiL 
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TABLE 1 





Antihndv 


oCparaLlUn XjUJ.ICI 


JZ^lLiUng OUiULXUIl 


Insulin 


Anti-insulin 
antibody 


Sodiiun tetraborate 
(pH 8.5) 


Magnesiunot 

Chloride 

and 

Ethylene Glycol 



+Concentrations of electrophoresis separation buffer may range from 50 mM to 200 mM 



*Elution of other antigens or haptens may require a different eluting method. Effective elxiting 
buffers include a 2 M solution of Magnesium Chloride and a 25% solution of Ethylene Glycol. 
[00288] When the initial separation is complete, the next cycle, using separation capillary 30 
and analj^e concentrator 36, is performed in a similar manner, i.e., the analyte is eluted from 
concentrator 36 and then separated by electrophoresis migration in separation capillary 30. 
During these operations, the power supply is coimected to one analyte concentrator-separation 
capillary system at a time. 

[00289] Separated analytes are then passed sequentially to detection zone 45 where each 
analjrte is recognized and measured by detector 46 using, for example, known UV or 
fluorescence techniques. In one embodiment of the present invention, a single, bi-directional 
detector is indexed laterally above platform 12 to detect anals^tes of interest in separation 
capillaries 28, 30 and 32 or separation channels 28 A, 3 OA and 32 A. Other sub-assemblies 
could include a single, fixed detector and movable platform 12 which operates to position 
separation capillaries 28, 30 and 32 or separation channels 28 A, 30A and 32A beneath the 
detector. Multiple detectors are movable platforms configured for X, Y and Z indexing are also 
contemplated. 

[00290] FIG. 4 illustrates the location of analyte concentrator 34 stationed at the intersection 
of transport capillary 24 and separation capillary 28. As shown in FIG, 4, and in U.S. Patent 
No. 5,202,010, porous end plates or flits 50, which permit fluid flow, are provided in transport 
capillary 24 and separation capillary 28 to act as barriers for holding microstructures 54 in 
analyte concentrator 34. 

[00291] Altematively, as shown in FIG. 5, analyte concentrator 55 can be fabricated by 
using two constricted areas with no frits at all. Analyte concentrator 55, in the form of a 
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cross-shaped capUlary, has inner diameter 61 and 63 pre-formed in relation to inner diameter 
57 of transport capillary 24 and inner diameter 59 of separation capiUary 28. 
[00292] Analyte concentrator capillary 55 contains a pluraUty of previously described 
microstructures 54 which are larger than inner diameters 57 and 59. They are typicaUy coated 
vvith non-specific chemistries such as C-18 or highly specific antibodies or antigens having an 
affinity for one of the analytes under investigation. Several other well-known chemistries can 
also be used. 

[00293] In the embodiment illustrated by FIG. 5, microstructures 54 are retained or confined 
in the interior of analyte concentrator 55 by making inner diameter 57 of transport capillary 24 
smaller than mner diameter 61 of analyte concentrator 55. In ISce manner, inner diameter 59 of 
separation capiUary 28 is smaUer than inner diameter 63 of analyte concentrator 55. For 
example, inner diameters 57 and 59 may be one- quarter to one- half the size of inner diameters 
61 and 63. 

[00294] To mcrease detection sensitivity for a particular analyte, a chromophore may be 
added to the eluting buffer to elute and tag the bound analyte for the purpose of enhancmg the 
ultraviolet absorptivity, fluorescence. phosphorescence, chemiluminescence or 
bioluminescence of the analyte as it passes through detector 46. 

[00295] hi an altemative technique to increase detection sensitivity, additional analyte 
concentrator 60 may be placed in one of separation capillaries 28, 30 and 32, as shown in FIG. 
6. Analyte concentrator 60 has a pluraUty of microstructures 54 coated with a chromophoric 
agent or antibody that binds to a portion of a chromophoric agent which mcreases ultraviolet 
absorptivity, fluorescence or phosphorescence when bound to a minute quantity of a specific 
analyte. Frits 62 are located at the input and output of analyte concentrator 60, and narrow 
capillary 64, which interests with separation capUlary 28, carries a buffer to periodically 
cleanse microstructure 54 in analyte concentrator 60 after each analysis. 
[00296] An analyte tagged with a chromophoric agent is more readily identify by the 
apparatus of the present invention, thereby increasmg the sensitivity of analyte detection by as 
much as 100 times or more. Many different chromophoric agents emit Ught when they bind a 
specific ftmctional group to form a product molecule in an electronically excited state. 
[00297] The altemative embodiment illustrated by FIG. 7 is similar to that shown in FIG. 1 . 
But, the FIG. 7 embodiment is different because the output ends of separation capillaries 28, 
30 and 32 are connected to each other at the interface with a single outlet capillary 66 which 
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cooperates with on-coliuim detector 86 that senses ultraviolet (UV) or fluorescent energy. The 
exit position of outlet capillary 66 may also be connected (as shown) to off-colunm detector 88 
which comprises an electrochemical, mass spectrometry, circular dichroism detector or nuclear 
magnetic resonance detector. 

[00298] The electrophoresis apparatus of FIG 7 employs multiple separation capillaries or 
channels for sample concentration, but only one outlet capillary for sample detection. This 
coordinated separation by individual capillaries may be sequentially activated and controlled 
by well-known electronic circuitry. Like the FIG. 1 embodiment, preceding analytes are 
completely separated and detected before the next separation operation is activated. 
[00299] The electrophoresis apparatus of FIG. 8 is sunilar to that of FIG. 7, but it is adapted 
to work with multiple samples (here, e.g., three) having a simple or complex component. There 
is no introduction (transport) capillary 16 or sample cup 15 as provided by embodiments of FIG 
1 and FIG. 7. Separation capillaries 28, 30 and 32 are equipped with single analyte 
concentrators 34, 36 and 38, respectively. Individual samples are directly and sequentially 
delivered to separation capillaries 28, 30, 32, and the analytes of interest are captured using 
suitable chemistries as previously described. The capillaries may be washed with buffer until 
all salts and imwanted substances are removed. Like the FIG. 7 embodiment, separation 
capillaries 28, 30 and 32 are activated in series one after the other. When all the analytes are 
separated in a single capillary, the apparatus begins the next separation cycle in the next 
capillary. In each of the described embodiments, apparatus 10 provides greater efficiency and 
higher throughput when compared to prior art devices. 

[00300] Improved instrumentation containing a series of solid-phase microextraction 
devices on-line in a multi-dimensional electrophoresis apparatus has been developed for 
selective and non-selective molecular consolidation and it is described in U.S. Patent No. 
6,406,604 Bl, which is hereby incorporated by reference. These devices, known as analyte 
concentrators or analyte concentrators-microreactors containing affinity probes to bind target 
compounds, permit the capturing of analytes present in simple or complex mixtures for 
purification, desalting and enrichment pxnposes. Furthermore, it allows the performance of 
many chemical and/or biochemical reactions, such as the on-line enzymatic cleavage of 
proteins to generate peptides. This continuation-in-part describes further improvements of the 
described embodiment. 
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[00301] Figure 9 illustrates an electrophoresis ^paratus 1 0 including a valving system 1 00 
that directs the flow of fluid along a desked path through the transport capillary 24 and 
separation capillaries 28, 30, and 32. In this example, valves 102, 104, 106, and 108 may 
control the flow of buffer solution(s) around the concentrator 34; valves 106, 1 10, 1 12, and 1 14 
may control the flow of buffer solution(s) around tiie concentrator 36; and valves 112, 116, 1 18, 
and 120 may control the flow of buffer solution(s) around the concentrator 38. With the 
valving system 100, the environment for each of the concentrator may be localized. Localizing 
a concentrator allows for independently controlling the microenvironment of that concentrator, 
such as controlling concentration of reagents, temperature, time of reactions, etc. The valving 
system 100 allows the loading of one or more appropriate background electrolyte solution, the 
introduction of the samples to be analyzed by the various modes of capillary electrophoresis, 
and the cleaning of the C£q)illaries so that the capillaries may be reused. 
[00302] The transport capillary 24 and the separation capillaries 28, 30, and 32, along with 
the valving system 100 may be incorporated into the platform 12 of the electrophoresis 
apparatus 10 in a variety of ways. For instance, holders 49 may be used to hold the capillaries 
in place relative to the platform 12. After certain number of usage, the condition of the 
capillaries or the valving system 100 may degrade so that they may need to be replaced. In such 
instances, the holders 49 may be removed from the platform 12 and anew system of capillaries 
and valving system may be installed into the platform. Alternatively, a new system of 
capillaries and valves may replace the existing c^illaries to isolate different types of analytes 
from the sample solution in the cup 15. The concentrators 34, 36, and 38 in the replacement 
capillaries may each have different immobilized affinity ligands that are attracted to a different 
type of analyte than the ones they are replacing. This way, the electrophoresis apparatus 1 0 may 
be reused and adapted to isolate a variety of analytes. 

[003031 The transport capillary 24 may be also adapted to perform isoelectric focusing (lEF) 
separation of a sample solution by maintaining the valves on the transport capillary opened and 
the valves on the separation capillaries closed. The intersection of the transport and separation 
capillaries may be emptied without frits and matrix-assembly m the concentrators. lEF is a 
method of determining the isoelectric pomt (pi) of a protein by carrying out electrophoresis in 
a capillary or gel containing a pH gradient The pi is the pH at which a protein will not migrate 
in an electric field and is determined by the charged groups in the protein. Proteins can carry 
positive, negative or zero charge depending on their local pH, and for every protein there is a 
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Specific pH at which its net charge is zero; this is its pi. lEF utilizes different pi in proteins to 
separate the proteins based on their pi levels. When a protein is placed in a medium with a pH 
gradient and subjected to an electric field it will initially move towards tiie electrode with the 
opposite charge. 

[00304] During migration through the pH gradient the protein will pick up or lose protons. 
As it migrates the net charge and tiie mobility will decrease and the protein will slow down. 
Eventually the protein will arrive at the point in the pH gradient which is equal to its pi. At such 
point, the protein will be uncharged and stop its migration. If the protein should happen to 
difiuse to a region outside its pi it will pick up a charge and hence move back to the position 
where it is neutral. In this way proteins are condensed, focused, or separated into certain bands 
according to their pi levels. This way, dual mode of separations may occur with the 
electrophoresis apparatus 10, BSF separation through the transport capillary and the separation 
of the desired analyte through the separation capillaries. Li this case, one electrode may be 
provide in the cup 15 and the other electrode on the outlet end of the transport capillary to 
provide the electric field to focus and separate the proteins present in transport capillary 24. 
After isoelectric focusing separation is completed, the valves on the transport capillary may be 
closed and the valves on the separation capillaries may be opened. Further separation of the 
proteins may be accomplished by other modes of capillary electrophoresis in separation 
capillaries 28, 30, and 32. 

[00305] Figure 10 illustrates a perspective view of the valving system 100 for one of the 
analyte concentrators. Each concentrator may be surrounded by fiits or porous end plates 35 
provided along the path of the transport capillary 24 and the respective separation capillary to 
retain the matrix-like assembly 37 within the concentrator- The valves on the transport 
capillary and the separation capillary also surround each of the concentrators to control the flow 
of sample solution through the transport capillary 24 and through the respective separation 
capillary. The valves may be motor operated that is controlled remotely by a processor based 
on a predetermined set of instructions such as a software program. After the concentrators 34, 
36, and 38 have been properly conditioned, the valves along the transport capillary may be 
opened and the valves along the separation capillaries 28, 30, and 32 may be closed to allow the 
concentrated sample solution &om the concentrator 17 to pass through the concentrators 34, 36, 
and 38. This allows each of the matrix-like assembly in the concentrators 34, 36, and 38 to bind 
to the desired analyte fi:om the concentrated sample solution. The remaining concentrated 
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sample solution may be released to the waste container 27 on the other end of the transport 
capillary 24. 

[00306] Once each of the desired analytes of interest are bound to the respective matrix-like 
assembly within the concentrator, tiie valves on the transport capillary may be closed and the 
valves on the separation capillaries 28, 30, and 32 may be opened. To separate the desired 
analyte(s) that are attached to each of the matrix-like assembly in the concentrators 34, 36, and 
38, a separation solution may be passed through the separation capillaries 28, 30, and 32 so that 
each of the desired analyte may travel towards the detection area 45 after released from the 
concentrators 34, 36, and 38. More detail steps involved in the process of concentrating, 
isolating, and separating the desired analytes from the sample solution provided in the sample 
cup 15 are discussed later in the specification. 

[00307] Figure 10 illustrates a concentrator with porous end plates or frits 35, which permit 
fluid flow, in the transport capillary 24 and separation capillary 28 to act as semi-permeable 
barriers for holding matrix-like assembly 37 within the analyte concentrator. For the 
concentrator 34, the frits 35 may be formed along the transport capillary 24 and the separation 
capillary 28. The frit 35 and the matrix-like assembly 37 may be the type shown in U.S. Pat. 
Nos. 5,202,010 and 6,406,604, which are hereby incorporated by references. The matrix-like 
assembly may be provided in many forms. For instance, the collective mass of the matrix may 
be provided by large quantities of microstructures such as beads, platelets, chips, fibers, 
filaments, monolithic polymers, sol-gel, or the like. Individual substrates can be made from 
glass, plastic, ceramic, metallic, or any appropriate polymeric chemistry compositions, and 
mixtures thereof. The use of interconnected beaded and/or polymeric microstructures may not 
require the presence of frit structures to hold tiie matrix, because they form a net that it is linked 
by chemical bonding, and they are usually positioned in a rigid configuration. In most cases, 
these beaded or polymerized microstructures may sustain low-pressures. However, in certain 
cases that high-pressure may be needed, their network configuration can be deteriorated or 
destroyed. Covalently or non-covalently affinity ligands coated or immobilized onto the surface 
of the beaded microstmctures or monolithic polymers, sol-gel, or directly onto the inner wall 
of the capillary, are immobilized analyte-specific antibodies or other affinity chemistries which 
are smtable for characterizing and separating particular analj^es of interest Representative 
antibodies include tiiose which act against peptide hormones such as insulin, human growth 
hormone and a variety of antibodies directed against any substance of small molecular weight 
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(classified as hapten) or any substance of larger molecular weight or biopolymer (classified as 
antigen). These antibodies are readily available from commercial vendors such as 
Sigma-Aldrich Co., St. Louis, Missouri and Peninsula Laboratories, Belmont, California, and 
many other companies worldwide. Alternatively, one skilled in the art may manufacture a 
desire monoclonal and/or polyclonal, antibody by conventional methods or protocols described 
in the literature. Not all haptens are capable of elicit an antigenic response by itself, usually 
they need to be bound to an antigenic protein carrier to generate an antibody. 
[00308] The matrix-like assembly may include affinity elements immobilized in various 
configurations and orientations in order to obtain a higher concentration of the desired analytes. 
For example, antibody fragments may be used instead of complete antibodies to obtain a 
higher concentration of the desire analytes. The larger diameter of the transport capillary 24 
may require that the two frits in capillary 24 be larger than the frits in the separation capillaries 
28, 30, and 32. Conversely, the matrix-like assembly may be configured to capture the desired 
analytes through the use of affinity ligands that are immobilized onto the surface of frit-free 
polymeric structures, as mentioned above. Alternatively, affinity ligands may be immobilized 
onto the surface of commercially available magnetic beads to be used as matrix material and 
substantially confined to a predetermined location within the capillary through magnetic 
attraction. Using magnetic attraction to hold the matrix in a predetermined location along the 
capillary may eliminate the need for frits. The absence of the fiits may allow the flow of sample 
through the capillary to move faster, while retaining a surface to attach the affinity elements. 
[00309] The concentrator 17 may include immobilized ligands comprised of a single 
nonselective or a mixed-mode non-selective type of chemistries such as reversed-phase CI 8 
and ion-exchanger matrices or resins, etc. The mixed mode may be allowed to capture and 
enrich a wide range of analytes based primarily on their physico-chemical properties, including 
the charge, size, shape, hydrophobicity, etc. The reversed-phase CI 8 chromatography 
adsorption resins, anion exchange matrices or resins, cation exchange, immobilized metal 
affinity capture, or mixed-modes resins may be placed in the concentrator 17 in a sequential 
order, one type first and then the other, or as a mixed matrix. The analjrtes can also be eluted in 
a sequential order according to their physico-chemical properties. 

[00310] The concentrator 17 may also be composed of immobilized ligands including a 
selective type of chemistty such as antibody, lectin, enzyme, aptamer, dye affinity 
chromatography, etc. For example, a particular lectin can recognize a specific sugar in a 
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sugar-containing element, such as a glycoprotein, and retain the entire glycoprotein molecule. 
The selective type of chemistry may bind a single analyte or a very close structurally related 
analyte. In the case of a complete monomeric antibody, it may have two antigen-bindmg sites; 
in the case of a Fab fragment, it may have a single antigen-bindmg site. However, m the case 
of other selective affinity ligands, it may have more than one site to bmd the target analyte, an 
enzyme may have an active site to bind the correspondmg substrate, and an inhibitor-activator 
may bind to the same active site or to a different site (e.g., allosteric site). The concentmtors 34, 
36 and 38 may also include unmobilized aflBnity ligands other than antibody fragments, as 
described above for concentrator 17. Proteolytic enzymes may be immobiUzed to the 
analyte-concentrator-microreactorto carry out microreactions, such as the cleavage of aprotem 
into peptide components, hi the microreactor or bioreactor, a number of chemical and/or 
biochemical reactions can be performed mvolvmg a large number of afiBnity ligands to be 
unmobilized to the microreactor. For example, peptide synthesis, nucleic acid synthesis, small 
molecular weight substances synfliesis can be accomplished in a small scale. The entrapment 
of viruses, cells, or subcellular structures may also be used to study metabolic pathways and 
degradation products of small molecular weight substances, as well as biomolecules. 
[00311] The concentrator 17 generally includes matrix-like assembly or resin material that 
captures a larger number of analytes as well as a greater variety of analytes than the 
concentrators 34, 36, and 38. The concentrators 34, 36, and 38 may include correspondmg 
mafrix material includmg high-specificity immobilized afBnity ligands that may be more 
selective than the matrix material including non-specific unmobilized afBnity ligands used in 
the concentrator 17. As a consequence, the matrix in the concentrators 34, 36, and 38 may 
capture or isolate a smaller quantity of analytes than the concentrator 17, but more selective and 
pure desired analytes, so that the captured analytes are more concentrated than in the original 
biological fluid cell, tissue, organ, or any other simple or complex matrix. The selectivity of the 
concentrator 34, 36 and 38 comes from the antibody capable of recognizing a specific area in 
a particular analyte called the epitope (e.g., a monoclonal antibody recognize a smgle epitope, 
a polyclonal antibody recognized multiple epitopes). Some analytes may have abundant 
amount of sugars or additional components on the surfece of the molecule (e.g., certain 
glycoproteins) that may hinder the binding process to a specific peptide sequence. To betta- 
enable the cjqjture of complex analytes, such as bulky and complex biomolecules, concentrator 
34, 36, and 38 may contain two or more afBnily ligands components. For example, a 

LosAiigeIes/lS1030.4 35 



wo 2005/047882 



PCT/US2004/038401 



combination of a specific antibody and a specific lectin may be placed inside the concentrator 
to be able to capture a particular type of analyte through a selective peptide and/or epitope or 
through a selective sugar present on the analyte or to both. The specific attraction of each 
component to a dififerent portion of the analyte may increase the number of complex analytes 
being attached. 

[00312] Figure 1 1 A illustrates a cross-sectional view of the Figure 10 where the valves on 
the transport capillary are in the second or closed position to substantially prevent the sample 
solution from passing towards the concentrator. The valves on the separation capillary are in 
the first or open position to allow the buffer solution to pass through the concentrator. The frits 
35 surroimding the concentrator substantially retain the matrix-like assembly 37 within the 
concentrator. 

[00313] Figure 1 IB illustrates that the transport capillary 24 may be staggered from one 
separation capillary to another to form a concentration area 34 tiiat is elongated. This allows 
additional matrix-like assembly 37 to be incorporated into the concentration area 34 to attach 
a desired analyte from the sample solution. La addition, the sample solution may take more 
time to pass through the elongated concentration area 34, which allows the matrix-like 
assembly additional time to bind to the desired analyte from the sample solution. The 
concentration area 34 may be surrounded by frits or porous end plates 35 to retain the 
matrix-like assembly 37 within the concentration area 34. 

[00314] Figure 12 illustrates the steps that may be taken to concentrate, isolate, and separate 
the desired analytes from the sample solution provided in the sample cup 15. A first 
conditioning step 101 prepares the transport and separation capillaries to a desired condition.^ 
This may be accomplished by passing conditioning buffer solution through the transport and 
separation capillaries. The conditioning step 101 may improve the binding properties for the 
immobilized affinity ligands so that once the desired analyte is attracted, it is retained by the 
immobilized affinity ligands for as long as the optimized conditions are maintained. The 
conditioning buffer solution may be provided through the transport capillary 24 and/or the 
separation capillaries 28, 30, and 32. 

[00315] Once the capillaries have been conditioned with a conditioning buffer or solution, 
the sample solution in the cup 15 may be introduced through the transport capillary 24. For a 
large capacity concentration step 103, the valve 18 may be closed and the concentrator 17 is 
used to obtain the concentrated sample of desired analytes. The concentrator 17 may have more 
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surface area for greater capacity to capture the desired analytes than the other concentrators 
used in the valvii^ systeaa. 100. In general, the concentrator 17 may be used for more complex 
matrices where several analytes may be present in the sample. For instance, the concentrator 
17 may be used vA.en hxindreds or thousands of analytes are present in the sample. On the otiier 
hand, when isolating certain compoimds present in simple matrices, there may not be a need for 
the concentrator 17, tube 20, and waste cup 22 (depicted in Figure 9). Examples of simple 
matrices include microdialysates, artificial matrices containing standard compoxmds, etc. In. 
such instances, the samples solution may be introduced directly to transport capillary 24 firom 
the cup 15 containing the simple matrix. 

[00316] The isolation or concentration of the desired analytes may be done in a different 
location and time. The concentrated analytes may thai be provided to tiie transport capillary 24 
at a later time. The independence of the concentrator 17 fi»m the apparatus 10 allows tiie 
concentrator 17 to be removed and replaced with a new concentrator without altering the 
apparatus 10. In addition, a plurality of original samples may be provided in a plurality of cups 
that are positioned along a rotatable table or through an appropriate fraction collector or the 
like, to provide the sample solution in each cup to the transport capillary 24 in intervals as the 
table rotates or moves, thereby providing multiple samples to the transport channel 24. Similar 
rotatable table may be used to change bxiffer solutions present in cups 40, 42, and 44. 
[00317] After the sample solution has been intiroduced into the transport capillary 24 and 
passed through concentiator 17, in step 105, tiie concentrator 17 may be cleaned. This may be 
accomplished by passing copious amount of cleaning buffer to tiie concentrator 1 7 followed by 
conditioning buffer from another cup 15', replacing cup 15, through capillary 20 and towards 
waste cup 22. At this stage tiie bound compounds to concentrator 1 7 can be removed or eluted 
out of the concentrator 17. In the elution step 107 of Figure 12, analytes retained by tiie 
concentrator 17 can be eluted from the concentrator 17 in many ways. One way is to pass a 
small amount or plug of an appropriate elution or desorption solution through the concentrator 
17 to remove the bound analytes to tiie transport capillary 24. The bound analytes from the 
concentiator 17 are passed through the transport capillary 24 so tiiat the concentrators 34, 36, 
and 38 may further isolate the desired analytes in each of the concentrators 34, 36, and 38. The 
removal of the bound compounds can be carried out as a group (simultaneously), or one or 
more at the time (stepwise or sequential). For isolating the desired analytes, which are cleaner 
or more pure and more concentrated than the original sample solution, provided in the sample 
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cup 15, aplurality of concentrators containing more selective affinity ligands in this matrix may 
be used, such as concentrators 34, 36, and 38 along the transport capillary 24 with the purpose 
of individually capturing a smgle or a more reduced number of compounds than those bound to 
the concentrator 17. Accordingly, there may be two concentration steps in the invention: m the 
first concentration step, the concentrator 17 may be xised to clean or purify the sample solution 
from a complex mixture; and in the second concentration step, the cleaned sample solution is 
passedlirough the concentrators 34, 36, and 38 to isolate the desired analyte(s) into each of the 
concentrators 34, 36, and 38 to isolate tiie desired analyte(s) that is different than the other. 
[00318] To allow the sample solution to flow through the concentrators 34, 36, and 38, the 
valves 1 8, 1 02, 1 06, 1 1 2 and 1 1 8 along the transport capillary 24 may be opened; but to prevent 
the sample solution from flowing through the separation capillary, the valves 104, 108, 110, 
114, 116, and 120 along the separation capillaries may be closed so tiiat the sample solution 
does not flow to the buffer solution cups 40, 42, and 44, nor towards the detection system. Each 
of the concentrators 34, 36, and 38, may be filled with matrix-like assembly that are 
free-floating or chemically bonded microstructures, or polymeric monolithic matrices, 
containing appropriate selective and/or non-selective affinity chemistries. The concentrators 
may contain frit stmctures or be fritless. 

[00319] As the sample solution passes thorough the concentrators, each of the concentrators 
may isolate the desired analyte(s) from the sample solution as discussed above. The excess 
sample solution may pass through the other end of the transport capillary 24 to the waste 
container 27. To optimize the binding, the valves 102 and 118 may be closed along transport 
capillary 24, to allow the analytes present in the sample solution to have a longer period of tune 
to be exposed to the matrix-like assembly with corresponding immobilized affinity ligands 
boimd to the particles or microstructures in each of the concentrators 34, 36 and 38. 
Alternatively, an elongated concentration area 34 as disclosed in FIG. 1 IB may be provided to 
expose the sample solution to the matrix-like assembly for a longer period of time and a longer 
surface area to capture larger amounts of desired analyte(s). 

[00320] With the valving system 100, each of the concentrator areas may be localized so that 
an appropriate temperature, for example, may be controlled to each of the concentrator areas to 
improve the condition for the desired analyte to bind to the immobilized affinity ligands in the 
respective concentrators 34, 36, and 38. The desired temperature for the binding to occur may 
vary for each analyte. For example, the desired temperature may be at 25 C rather than at 37° 
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C, or vice-versa, or even higher or Iov/gt thaa these temperatures. Each concentrator may have 
an independent temperature control to optimize the binding. In some instances, a gently 
shaking or use of a microwave pulse or acoustic micromixing system may aid in the binding 
process. For example, the use of a microwave pulse can accelerate the work of proteases and 
reduce the time required to cleave a protein into its peptide components. 
[00321] With the desired analytes isolated in the concentrators 34, 36, and 38 in step 107, 
the isolated analytes in the concentrators 34, 36, and 38 may be cleaned, in the cleaning step 
109. The cleaning step 109 removes remaining salts and unwanted materials present in the 
enriched sample solution passed from concentrator 17. This may be done by passing the 
cleaning solution through transport capillary 24 or through the separation capillaries. The 
cleaning solution washes away at least some of the salts and unwanted materials while the 
immobilized affinity ligands in each of the concentrators 34, 36, and 38 maintain its bind on the 
desired analyte(s). The cleaning step 109, however, may weaken the binding properties for the 
immobiUzed afiSnity ligands in the concentrators 34, 36, and 38. As such, once concentrators 
are clean, a second conditioning step 111 of the capillaries may be provided to once again 
improve the binding properties of the immobilized affinity ligands in the concentrators 34, 36, 
and 38. The separation capillaries 28, 30 and 32 may be conditioned imtil they are equiUbrated 
with a conditioning buffer present in cups 40, 42 and 44. 

[00322] In the second elution step 1 13, the elution buffer is used for releasing the desired 
analyte from the immobilized affinity ligands in the concentrators 34, 36, and 38. The amount 
of a plug of elution buffer that is needed to release the desired analyte from the immobilized 
affinity ligands may vary. In general, about 50 to about 200 nanoliters of the elution buffer may 
be used. Also, as the size of the internal diameter of the capillary increases, greater amoimt of 
the elution buffer solution may be used. The condition of elution buffer may be gentle as 
possible so that the capturing properties of the immobilized affinity ligands remain intact in the 
surface of the particles or microstructures, or in a portion of the inner wall of the capillary so 
that it may be reused. 

[00323] In the separation step 1 15, the separation buffer is used to separate the analyte(s) 
released from the concentrators. The separation buffer may be provided through cups 40', 42' 
and 44'. In some instances, the conditioning buffer and separation buffer may be the same. 
The composition of each conditioning and separation buffer for each separation capillary may 
be the same or different. For the conditioning and separation step, the valves 102, 106, 1 12, 
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and 118 on the transport capillary 24 may be closed and valves 104, 108, 110, 114, 116, and 
120 on the separation capillaries 28, 30 and 32 may be open- At this stage the desired analytes 
boimd to the concentrators 34, 36, and 38 may be released sequentially or simultaneously using 
a small plug of desorption solution. If analytes are released in a sequential order, they can be 
released from concentrators 34, 36, and 38 in any order. For example, to release the analyte(s) , 
retained by the concentrator 36 first, the valves 110 and 1 14 are opened first with the valves 106 
and 1 12 being closed. As mentioned above, this allows three buffer systems to be introduced 
to the separation capillary 30 fi-om cup 42, creating an independent optimized 
microenvironment of conditioning, desorption and separation. The first buffer is a 
conditionmg buffer. The second buffer is a separation buffer. The third buffer is a small plug 
of an elution or desorption buffer. The separation capillary can be temperature controlled 
where the separation capillary has a linear, coiled, serpentine configuration. In addition, each 
separation capillary may have a different configuration. 

[00324] The buffers in tiie cup 42 may be changed using a variety of methods. For example, 
an autosampler, rotatable table or any other manual or automated device that holds a ptoality 
of sample containers, vials, or cups, may be used. For instance, three cups may be needed for 
holding three different buffers, vials 42 (conditioning buffer), 42' (separation buffer), and 42*' 
(elution buffer). For the separation step, a platinum-iridium electrode can be introduced to the 
cup 42 (high voltage side) containing the separation buffer. The electrode may, in turn, be 
connected to a high-voltage cable and a high-voltage power supply. On the opposite side of the 
separation capillary 30, a grounding electrode may be provided for groxmding. When the 
power supply is switched on, the system is activated to begin the process of releasing and 
separating the analyte(s). The process of desorption or elution of the analyte(s) by the chemical 
constituents of the small plug of the elution buffpr can occurs by moving the plug by pressure, 
or vacuum, or electrokinetically. Similar steps may be taken to release the analytes in the 
concentrators 34 and 38 in any order. For instance, to release the analyte isolated in the 
concentrator 34, the valves 102 and 106 may be closed and the valves 104 and 108 opened. 
Similar to a concentrator, each individual separation capillary 28, 30, or 32 may have an 
independentiy controlled temperature system. The capillary can be heated or cooled in a linear 
format or in a coiled configuration using a controUed-temperature fluid or device such as a 
Peltier. 
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[00325] As the analytes in the concentrators 34, 36, and 38 are released in a predetermined 
order, the detector 46 of Fig. 1 may be movable and aligned with the separation capillary 
corresponding to the concentrator that the analyte is released ftom. For instance, with the 
above exanq)le, if the analyte ftom the concentrator 36 is released first, then the detector 46 is 
first aligned with the separation capillary 30 to identify the analytes released ftom concentrator 
36. Then, the detector 46 may be repositioned to align with the separation capillary 28 to detect 
the analytes released from the concentrator 34, and repositioned to detect the analytes passing 
dirough capillary 32 released from concentrator 38. 

[00326] The valving system may communicate with a detection system for detecting the 
analytes released fi:om the concentrators. The detectmg system may operate in many ways. For 
instance, the detection system may include a detector for each separation capiUary 28, 30, and 
32. In another embodiment, the three separation capillaries may be merged into one exit 
capillary as shown in FIGURES 7 and 8, and one detector is aUgned over the exit capillary. In 
this case, the detection system may have one detector that is fixed such that it can aUgn over the 
detection window positioned in the exit c^illary 66 for detecting the analytes passing through 
the exit capillary. For this operation, however, additional valves may be needed to direct the 
separated analytes firom separation capillaries 28, 30, and 32 to the single detector. For 
example, when separation capillary 28 is active and analytes are separated within capillary 28, 
capillaries 30 and 32 may be inactivated, and the separation buffers may be blocked by the 
corresponding valves. The fixed detectors, 86 and 88, of Figure 7s and 8 may be a 
laser-induced fluorescence detector or a contactless electrochemical detector or a combination 
of similar detection devices. Furthermore, the oudet of the exit capillary may be connected to 
other detector systems, such as amass spectrometer, including sample deposition onto a matrix 
assisted laser desorption/ionization (MALDI) plate, or a conductivity detector. 
[00327] The analytes in the concentrators 34, 36, and 38 may be released simultaneously as 
well. This may be accomplished by closing the valves 102, 106, 112, and 118 along the 
transport capillary 24 and opening the valves 104, 108, 110, 114, 116, and 120 along the 
separation capillaries 28, 30, and 32. As the analytes in the concentrators 34, 36, and 38 are 
released simultaneously through the separation capillaries 28, 30, and 32, the detection of the 
separated analytes may be accomplished as described above. The capillary electrophoresis 
separation of the analytes in capillaries 28, 30, and 32 may require a single power supply with 
the appropriate high-voltage relays or multiple power supplies, each for a single column. With 
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the valving system 100, the path that sample and buffer solutions flow through the transport 
capillary 24 and the separation capillaries 28, 30, and 32 may be controlled to localize the 
concentrators so that a customized environment for each analyte bound to the microstructures 
in the analyte concentrator may be formed. The separation of the analytes can occur using 
electricity (electroosmotic flow), controlled positive pressure or vacuum, or a combination of 
both. 

[00328] FIG. 13 illustrates an electrophoresis apparatus 10 including a valving system 
100 having valves 121, 123, and 125 on the separation capillaries 28, 30, and 32, respectively, 
near the detection window 45. The output ends of the separation capillaries 28, 30 and 32 may 
be connected to each other at the interface with a single outlet capillary 66 which cooperates 
with on-column detector 86 that senses ultraviolet (UV) or fluorescent energy. The outlet of 
the outlet capillary 66 may also be connected (as shown) to a waste container 48. With the 
valves 121, 123, and 125, the analytes in the separation capillaries may be released to tiie output 
capillary 66 sequentially by opening one valve at a time. This allows the analytes in the 
concentrators 34, 36, and 38 to be released simultaneously but sequentially detect the analytes 
in each of the concentrators through the valves 121, 123, and 125, In addition, the valves 121, 
123, and 125 may be synchronized with the valves surrounding Hie concentrators 34, 36, and 
38 to release the anal5rtes in the concentrators 34, 36, and 38 in a predetermined order. 
[00329] Figure 14 illustrates that the transport channel 24A and separation channels 28A, 
3 OA and 32A, for the electrophoresis apparatus 10 may be formed with uniform and concave 
shapes tiiat are engraved, etched or otherwise formed into a glass or plastic microchip using 
known lithography or other manufacturing techniques. Analyte concentrators 34A, 36A and 
38A are disposed at the respective intersections of transport channel 24A and separation 
channels 28A, 30A and 32A with the valving system 100 to control the flow of fluid and 
microenvironment to each of the concentrators 24A, 36, and 38 as previously described. Near 
the detector 66, valves may be provided to control of fluid to the output capillary 66 from the 
plurality of separation capillaries. As illustrated in Figures 9 and 14, the electrophoresis 
apparatus 10 may direct flow of fluid through a variety of passages such as capillaries and 
channels. It is within the scope of this invention to utilize other passages that are known by one 
skilled in the art. Figure 15 illustrates that each concentrator formed by intersection of 
transport and separation channels may be surroimded by valves to control the flow of liquid 
through the transport chaimel 24A and the corresponding separation channel. 
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[00330] Figure 16 illustrates a perspective view of an electrophoresis apparatus 10 having a 
transport channel 24A and a plurality of separation channels 28 A, 30A, 32A, and etc. Near the 
outlet side of the separation channels, a detector 86 may be provided that aligns with one of the 
detection windows of the separation channels to detect the analyte passing through the 
respective separation channels sequentially. To simultaneously detect the analytes passing 
through all of the separation channels, a detector may be provided for each separation channel 
to speed up the process. 

[00331] Figure 17 illustrates that the new separation buffer solution may be added by 
auxiliary capillaries 122, 124, and 126 after or downstream from the concentrators in order to 
preserve the integrity of the antibody or any other immobilized affinity hgands. In certain 
applications the analytes under study may reqxure for optimal separation from a separation 
buffer solution that may adversely affect the activity of the intact antibody, antibody fragment, 
lectin, enzyme, or any affinity ligands affected by certain compounds present in the separation 
buffer. Put differently, with certain separation buffer solutions may adversely affect the 
binding property of the immobilized affinity ligands in the concentrators so that the affinity 
ligands may not be used again. Also, the analytes may not be retained by the immobilized 
affinity ligands. With the auxiliary capillaries 122, 124, and 126, the separation buffer solution 
may be introduced into the separation capillaries using the cups 128, 130, and 132. This allows 
the separation buffer solution to flow towards the detecting zone so that there is nunimal, if any, 
interaction between the separation buffer solution and the antibody in the concentrator. For 
example, the separation of an analyte may require tiie presence of organic solvents or olher 
additives in the separation buffer solution such as urea, certain detergents, etc. If snch 
separation buffer solution passes through the concentrator so that the separation solution 
interacts with the antibody in the concentrator, the separation buffer solution may disrupt the 
binding process between the analyte and the antibody during the conditioning process of the 
capillary and/or destroy the quality of the antibody in an irreversible manner. Such adverse 
effect on the antibody may destroy the integrity of the binding capacity of the antibody so that 
it may not bind to the analyte and/or may not be used again. To substantially prevent such 
adverse effect on the antibody, the antibody in the concentrator is isolated from such separation 
buffer solution to protect the immobilized antibody, or antibody fragments or other affinity 
element, such as a lectin or an en2yme. 
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[00332] In addition, the binding and separation conditions of a desired analyte may require 
different optimization conditions. In cases where the conditioning and/or separation buffer are 
different, one or more of the separation capillaries 28, 30, and 32 may be divided into two 
stages. In the first stage of the conditioning process, capillaries 28, 30, and 32 may be filled 
with the appropriate conditioning buffer located in the cups 40, 42, and 44, respectively, to 
improve the binding condition for the antibody. The conditioning buffers in the respective 
cups may pass through the open valves 104, 1 10, and 116, and pass through the concentrators 
34, 36, and 38, and pass through the valves 108, 114, and 120, and then to the outlets of the 
separating capillaries. The valves 1 02, 1 06, 1 1 2, and 1 1 8 along the transport capillary may be 
closed to keep the conditioning buffer vydthin each of the separation capillaries. 
[00333] Figure 17 illustrates cups 128, 130, and 132 located on the second stage of the 
separation capillaries 28, 30, and 32. The cups 128, 130, and 132 may be coupled to the 
corresponding separation (Capillaries through auxiliary capillaries 122, 124, and 126, 
respectively. The cups 128, 130, and 132 may hold separation buffer solutions that are feed 
into the separation capillaries 28, 30, and 32 downstream from the concentrators 34, 36, and 38, 
respectively. The auxiliary capillaries 122, 124, and 126 used to couple the cups 128, 130, and 
132 to the separation capillaries 28, 30, and 32 may be electrolyte-provider capillaries (EPCs), 
The auxiliary capillaries 122, 124, and 126 may be coupled to the respective separation 
capillaries 28, 30, 32, downstream or after the concentrators 34, 36, and 38 so that the buffer 
solutions flow towards the detecting window 45. The auxiliary capillaries 122, 124, and 126 
may be also coupled to the valves 108, 1 14, and 120 downstream from the concentrators 34, 36, 
and 38 to control the flow of the buffer solution into the separation capillaries 28, 30, and 32 by 
opening and closing the valves 108, 114, and 120. This way, the buffer solutions generally do 
not interact with the inmiobilized antibodies in the concentrators 34, 36, and 38. With the cups 
128, 130, and 132 positioned downstream from the concentrators in the apparatus 10, the 
separation buffer may be introduced into the apparatus 10 either before the concentrators using 
the cups 40, 42, and 44, or after the concentrators using the cups 128, 130, and 132, depending 
on the interfering of the separation buffer on the binding between the analyte(s) of interest and 
the immobilized affinity ligands in the concentrators 34, 36, and 38 and/or the damage that the 
constituents of the separation buffer can do to the immobilized affinity ligands. 
[00334] In applications where the separation buffer does not adversely affect the antibody, 
the separating buffer solution may be introduced into the separation capillary before the 
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concentrator through the cups 40, 42, and 44 as discussed above. For appKcations where EPCs 
are used, the concentration step is similar to the step discussed above. For the eluting and 
separating steps, the valves on the separation capillaries 28, 30, and 32 may be opened 
sequentially or simultaneously to perform the process of simultaneous elution and separation 
of the analytes present in all of tiie concentmtors and separation capillaries, the valves along the 
transparent capillary 24 may be closed, and the valves 104, 110, and 1 16 along the separation 
capillaries 28, 30, and 32 may be opened first. The eluting buffer solution flows through the 
separation capillaries 28, 30, and 32 to elute tiie analytes bound to tiie antibodies in tiie 
concentrators 34, 36, and 38, respectively. This causes the analytes to be released from the 
immobilized antibodies or antibody fragments, or other affinity ligands. 
[00335] For the separating step in which a separation buffer for optimized separation of the 
analytes is needed, but may cause disraption of the binding between the analyte and affinity 
ligands or may damage the integrity of the affinity ligands, the valves 108, 1 14, and 120 may 
be opened to allow tiie separation buffer solutions in the cups 128, 130, and 132 to allow an 
optimized separation of the release analytes down stream from the concentrators. The 
separating buffer solution may enable the separation of the analytes under improved conditions 
so that one analyte or other closely related analyte(s) that have selectively boimd to the 
immobilized ligands may be separated achievmg a based-line resolution after elution from their 
respective analyte concentrators. 

[00336] Figure 18 illustrates another embodiment of electrophoresis apparatus 10, 
configured to capture and detect primarily large sized particles such as cells, organelles, and/or 
other bulky globule structures. The large particles may require a larger cross-sectional area for 
the particles to pass through without blockage or interference during separation. The 
configuration where the affinity ligands are immobilized on the surface of a bead, or 
cross-linked, or on monolithic structures may not be appropriate for the separation of globule 
structures. The blockage may occur in such situations and may prevent the separation of such 
structures from occurring. This embodiment may also be used to capture and detect small 
molecules and bio-molecules. 

[00337] Figures 18 and 19 illustrate the electrophoresis apparatus 10 having matrix-like 
assembly antibodies along the interior surfaces of the separation capillaries 28, 30, and 32. That 
is, the affinity 37 elements may be also covalently bonded directiy to the inner wall of the 
capillary or to beads covalentiy bound to each other and also bound to the inner wall of the 
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capillary. The use of covalent bonds to bind beads within a matrix is also described in U.S. 
Patent No. 5,202,010, which is referred to as beaded capillaries. The attachment of beads to the 
capillary through covalent bonds may produce strong bonds that can hold the beads in the 
predetermined location along the capillary, 

[00338] Figure 20 illustrates the process undertaken to isolate the monovalent antibody 
fragment Fab'. The antibodies may be obtained by subjecting purified IgG antibody to two 
partial enzymatic digestions to obtain F(ab')2 fragment. The resulting F(ab')2 antibody 
fragment may be further reduced to produce monovalent Fab' antibody fragments. As shown 
in Figure 21, the Fab' antibody fragment attaches to the inner wall of the capillary by creating 
cross-links or bridge chemistries between a sulfhydryl group of the antibody fragment Fab' and 
a sulso group of a chemical arm bound to the silanol groups of the inner surface of the 
ftised-silica (quartz) capillary or the surface of beaded stmctures or polymeric microstructures 
having terminal silanol groups. The antibody fi:agments attaches to the surface of the separation 
capillary in an orientation that facilitates the binding of the antibody and the desked analyte. 
A proper orientation of the Fab' antibody fragments results in an increased surface area of the 
analyte-concentrator to provide greater capacity to capture the desired target analyte. A number 
of antibodies that have affinity to a predetermined antigen or hapten may be provided along a 
predetermined portion of one or more separation capillaries 28, 30, and/or 32. An antigen is a 
chemical compound that normally causes the body to produce an antibody when the 
immunological system in the body recognizes it. A hapten is a chemical compoxmd that 
normally does not produce an antibody because it is too small and may not be recognized by the 
immxmological system. To produce an antibody for a hapten, the hapten may be bound to an 
immunogenic carrier (e.g., albumin, hemocyanin, etc-). This may allow the immunological 
system to recognize the package (hapten-carrier) as foreign, causing the development of an 
antibody. As discussed above, the concentrator 1 7 may provide a number of analytes of interest 
to the valving system 100 through the transport capillary 24. To identify the predetermined 
number of analytes of interest, each separation capillary 28, 30, and 32 may be provided with 
an antibody that has affinity to a particular analyte. For example, as illustrated in Figxire 18, a 
first type of antibodies 140 that have affinity to a first analyte provided by the concentrator 17 
may be provided within the interior wall of the separation capillary 28. Likewise, a second type 
of antibodies 142 and a third type of antibodies 144 that have afiSnity to a second analyte and 
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third analyte may be provided within the interior walls of the separation capillaries 30 and 32, 
respectively. 

[00339] Figure 18 illustrates a valving system 100 that allows the concentrated analytes 
from the concentrator 17 to pass tbroiigh the first, second, and third antibodies 140, 142, and 
144. The transport capillary 24 may be staggered from one separation capillary to another to 
form an elongated analyte concentrator. For instance, the transport capillary 24 is staggered at 
the separation capillaries 28, 30, and 32 forming elongated analyte concentrators 140, 142, and 
144. To pass the concentrated analytes through the valving system 100, the valves 104, 108, 
110, 114, 116, and 120 along the separation capillaries 28, 30, and 32 may be closed, and the 
valves 102, 106, 1 1 2, and 1 1 8 along the transport capillary 24 may be opened. Once the output 
valve 18 is opened, and the analytes bound to the concentrator 17 are eluted, as described in 
step 107 in Figure 12, so that tiie concentrated analytes of interest flow through the first, 
second, and third types of antibodies 140, 142, and 144. As such, the antibodies that have 
affinity to a particular type of analyte may bmd to that analyte. For example, as the 
concentrated analytes pass through the first aotibodies 140, the first analytes of interest firom 
the concentrated analytes from the concentrator 17 couple to the first antibodies 140, then as the 
remaining concentrated analytes pass through the second and third antibodies 142 and 144, the 
second and third analytes of interest couple to the second and third antibodies, respectively. 
The remaining concentrated analytes can then be discarded to the waste container 27. 
[00340] With the desired analytes bound to the antibodies 140, 142, and 144, the 
conditioning, separating and eluting buffer solution from the cups 40, 40', 40", 42, 42', 42", 
and 44, 44', 44" may be provided to the immobilized antibodies or antibody fiagments, to 
release and separate the bound analytes from the immuno complex. This may be accomplished 
by closing the valves 102, 106, 112, and 118 along the transport capillary 24, and opemng the 
valves 104, 108, 110, 114, 116, and 120 to provide the separation buffer solutions from the 
cups 40, 42, and 44. For the separatmg step, the separating buffer solution may be provided 
either through the cups 40, 42, and 44 or through the cups 128, 130,and 132as discussed above 
in Figure 17. To capture cells, organelles, and/or other bulky structures, the concentrator 17 
may not be needed, 

[00341] Figure 1 9 also illvistrates the addition of valves 1 52, 1 54, and 1 56 to control the flow 
of buffer solutions in caps 128, 130, and 132 into the respective separation capillaries 28, 30, 
and 32. The valves 108, 1 14, and 120 are opened when the capillaries 28, 30, and 32 are filled 
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with conditioning buffer from cups 40, 42, and 44. Then the valves 152, 154, and 156 may be 
opened to allow the separation buffer from the cups 128, 130, 132 to enter into the respective 
auxiliary capillaries 28, 30, and 32. As the electric charge creates an electroosmotic flow in the 
direction of the detection zone, the separation buffer entering the capillaries 28, 30, and 32 
downstream from the concentrators flow towards the detection zone as well. The 
electroosmotic flow created by the electricity moves the analytes along the separation buffer 
towards the detection system, allowing separation of the elements to take place. 
[00342] Having the antibodies within the interior surface of the separation capillary may 
provide a larger surface area of antibodies if the length of the surface is several centimeters, for 
example. In other words, more antibodies may be provided along the longer path that the 
concentrated analytes flow through. This means that greater quantity of a particular type of 
analyte may be isolated from the concentration of analytes. In addition, with the valving system 
100, a number of different types of analytes in greater quantity may be identified through the 
different types of antibodies 140, 142, and 144. The diameter of the separation capillaries may 
be varied so that large size analytes such as cells, subcellular particles, or globules may pass 
through the separation capillaries and couple to the corresponding antibodies. Accordingly, a 
variety of analytes with a wide range of sizes may be isolated with the antibodies along the 
inner surface of the capillaries. In addition, the concentrators may be utilized as a capture 
matrix to purify at least one type of analyte present in a simple solution that has reduced number 
of chemical and/or biochemical compoxmds. The concentrator may be also utilized to purify at 
least one analyte from a complex solution that has greater number of chemicals and/or 
biochemical compounds than tiie simple solution. With the concentrator, a variety of chemical 
reactions may be performed such as multi-component chemical reactions, biochemical 
reactions, and multi-component biochemical reactions. 

[00343] The length of the portion of the capillary in which the antibodies are bound along 
the separation capillary may vary. For example, the antibody 140 formed within the separation 
capillary 28 may be shorten or elongated depending on the quantity of the analytes to be 
isolated. For greater quantity, the length of the antibody formed along the capillary 28 may be 
lengthened. 

[00344] Figure 22 illustrates a separation capillary 28 having more than one type of 
antibodies within its interior wall between the valves 104 and 1 08. The separation capillary 28 
may be divided into many portions, where each portion has one type of antibodies to isolate a 
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particular type of analyte. For example, the separation capillary 28 may have different types of 
antibodies 140, 150, and 160 each having affinity to different type of analyte. As such, the 
separation capillary may isolate a number of different types of anal3^es. The separation 
capillary 28 may be elongated to incorporate more antibodies if desired. The transport capillary 
24 may be coupled to the separation capillary 28 near the valve 108 to provide the concentrated 
analytes from the concentrator 17. As the concentrated analytes pass through the separation 
capillary 28, each of the antibodies may couple to the desired analytes, 

[00345] A certain antibody may require a different eluting buffer solution to cause that 
antibody to release the analyte. In such a case, a number of eluting bxiffer solutions may be 
provided through valve 104 so that all of the antibodies release its analyte. After the eluting 
step, the separation buffer solution may be provided through the valve 104 as well. 
Alternatively, to minimize the adverse affect on the antibodies, the separation buffer solution 
may be provided down stream from the last antibodies 160 through the EPC 122 as discussed 
above. The separated analj^ are then pass through the detecting zone 45 to identifying the 
individual analytes. 

[00346] The antibody may be any type of affinity interacting chemical or biological system 
that attracts a particular analyte. Figures 23A and 23B illustrate an enlarge view of the 
antibodies 140, 150, and 160 along the interior surface of the separation capillary 28. Each 
antibody generally has a shape that is coupled to a substrate, which in this case is the interior 
surface of the separation capillary 28. The Y shape antibody includes two arms and one stem 
that imbeds into the substrate. As such, the antibody is immobile, but the two arms have 
affinity for a particular analyte (one in each arm) and as that analyte passes across the antibody, 
the two arms bond to the analyte until the elutuig buffer solution interacts with the antibody to 
release the analyte. For example, in Figure 23 A, the two arms for the antibodies 140 have 
affinity for the circular analyte but not the square anal)^es or the triangular anal5^es. In 
contrast, the two branches for the antibodies 160 have affinity for the square anal)^e but not the 
circular analj^es or the triangular analytes. Other antibodies in the separation capillaries 28, 
however, may have affinity for the triangular analytes and bond to the triangular analytes. 
[00347] Figure 23B illustrates polymeric microstructures with Y shape antibody having 
aflSnity for a particular analyte within the concentrator area without the need for frits. Each 
beaded microstructure may have an antibody that has affinity for a different analyte. 
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[00348] Figures 24 A and 24B illustrate the use of an antibody like Fab' as described above. 
In contrast to the antibodies shown in Figures 23 A and 23B, these Fab' antibodies have one 
side of the original antibody. The antibodies are attached to the substrate by a portion of the 
original stem, allowing each group of antibodies to retain their specificity, attracting and 
bonding to only one type of analj^e. 

[00349] Figures 25-27 illustrate a microextraction device 200 having four tubing-connecting 
ports: two ports 210 couple to the transport capillary 24, and two other ports 214 couple to 
separation capillary 28, for example. The two ports 210 for the transport capillary 24 may be 
larger than the two ports 214 for the separation capillary to accommodate the larger size 
opening in the transport capillary 24. Port 210 may be formed from fiised-silica, port 214 may 
be formed from a plastic tube. As illustrated in Figure 27A, the two ports 210 and 214 intersect 
to form a concentration area 246. The microextraction device 200 may also have a filling port 
252 that provides access to the concentmtion area 246. The filling port 252 may be provided 
at the central part of the microextraction device 200. Wilh the filing port 252, prepared by 
using controlled pore glass (CPG) beads having covalently attached antibody fragments to their 
surfaces may be inserted into the concentration area 246, This feature allows the coated beads 
to be replaced as the performance of the inmaobilized antibody fragments degrades after 
repeated usage. 

[00350] The ports 210 and 214 may be formed within the base 202, and the filing port 252 
may be formed on the cover 208. The base 202 may have openings 230, 232, 234, and 236 that 
pass through the corresponding ports 210 and 214. The openings 230, 232, 234, and 236 may 
be adapted to receive the elongated portion of valves 218, 220, 222, and 224 fliat are able to 
move between first and second positions. As illustrated in Figure 25, each valve may have a 
protruding portion 226 with a cutout 228 to control the flow of fluid through the respective 
capillary. The cutout 228 may also be a hole found through the protruding portion 226. The 
hole may be coated with glass. To enable normal electrosmotic flow of liquid through the 
cutout 228, the cutout 228 may be formed from fiased silica or coated with fused silica to 
maintain a closed coimection with the fiised-silica capillaries for the CPG beads. 
[00351] The port 210 may be substantially aligned with the longitudinal direction of the 
separation capillary 28, and the port 214 may be substantially aligned with the longitudinal 
direction of the transport capillary 24. The port 214 may have a larger opening than the opening 
for tiie port 210 to allow greater flow rate of the sample solution from Ihe transport capillary 24. 
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Likewise, the transport capillary 24 may have a larger opening than the separation capillaries 
for greato: flow rate. 

[00352] As illustrated in Figure 25, an indicating arrow 23 8 may be provided on the valve so 
that if the direction of the indicating arrow is in line with longitudinal axis of the capillary then 
the valve is in the first position, and if the direction of the indicating arrow is perpendicular to 
the longitudinal axis of the capillary then the valve is the second position. In tiie first position, 
the cut out 228 is aligned with the longitudinal direction of the port to allow the fluid to pass 
through the port. In the second position, however, the cut out 228 faces away fi-om the port so 
lhat the protruding portion of the valve blocks the flow of fluid through the port. A connector 
240 may be provided to couple the microextraction device 200 to the transport and separation 
capillaries. For instance, in Figure 26, the connector 240 may be used to couple the capillary 
28 to the port 210 so that the fluid &om the capillary 28 may be passed to the port 210. 
[00353] Figure 26 illustrates a cut out view of the intersection area 246 formed by the 
mtersection of the ports 210 and 214. This way, if the valves 218 and 222 are in the first 
position and the valves 220 and 224 are in the second position, the fluid firom the capillary 28 
may pass through the port 210, and then to the capillary 28 on the other end of the base 202 
towards the detection device. Likewise, if the valves 220 and 224 are in the first position and 
the valves 218 and 220 are in the second position, the fluid firom the capillary 24 may pass 
through the ports 214 and 216, and then to the transport capillary 24 on the other end of the base 
202. 

[00354] As funher illustrated in Figure 27A, the intersection area 246 may have bulging 
members 248 along the comers of the channels 210, 212, 214, and 216. Figure 27B is an 
enlarged view of the intersection area 246 illustrated in Figure 27A. The bulging members 248 
along the ports provide for a restricted area in the area 246 such that Uie gaps through the ports 
in the intersection area are smaller than the size of the beads or matrix 250, thereby preventing 
the beads or matrix firom moving out of the intersection area 246. As such, the beads or the 
matrix may capture the desired analytes as the sample passes through the intersection area 246. 
[00355] As iUustrated in Figures 28A and 28B, the port 210 that is aligned with the transport 
capillary may be staggered to form an elongated concentration area 246. This allows additional 
matrix-like assembly or beads 250 to be incorporated into the concentration area 246 to attract 
the desired analyte from the sample solution. In addition, the bulging members 248 may be 
provided near the intersection area 246 to contain the beads within the intersection area. 
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[00356] Figure 25 illustrates that the cover 208 may have a filling port 252 adapted to 
receive a cap 254. The filling port 252 may be provided to insert the beads 250 or matrix into 
the intersection area 246 to capture the desired analytes. Once the beads 250 are inserted into 
the intersection area, the cap 254 may be used to enclose the filling port 252. Moreover, the 
beads 250 may be replaced through a variety of methods. For instance, the beads in the 
intersection area 246 may be removed by opening the cap 254 so that the beads are exposed 
through the filling port 252. The beads may then be removed through a vacuum source such as 
a syringe. Once the old beads are removed, a new set of beads with affinity for a desired analyte 
may be inserted to the intersection area 246 through the filling port 254. To secure liie new 
beads within the intersection area, the cap 254 may enclose the filling port 252. 
[003571 Figure 29 illustrates a diagnostic kit 260 that may be used by individuals to detect 
early signs of certain disease(s). Some individuals may be predisposed to certain diseases more 
so than others based on their family health history, such as cancer, diabetes, and heart diseases. 
For these individuals, an early detection of such diseases may be a key to fighting the diseases. 
In this regard, individuals may use the diagnostic kit 260 to monitor and detect early signs of 
a number of diseases. Such tests may be done at the home of the individual for convenience 
and privacy. The diagnostic kit 260 may include the electrophoresis apparatus 10 that is 
communicateably coupled to a CPU 262 that may operate the electrophoresis apparatus 10 
based on a predetermined set of instructions. As discussed above, the valves on the transport 
and separation capillaries may be motor operated, which are controlled by the CPU. 
[00358] An individual that is predisposed to a predetermine disease may select or purchase 
a system of capillaries and valves with tiie concentrators 34, 36, and 38 that may isolate 
biomarkers that are associated with a predetermined disease. In general, each disease may have 
a plurality of biomarkers or analytes associated with that disease. A different disease may have 
different biomarkers than other diseases. As such, biomarkers may serve as a fingerprint for 
identifying a particular disease an individual may have based on test performed on the 
individual's specimen. If the biomarkers are detected, then evalxiation may be made as to 
whether the biomarkers correspond to a particular disease or not. For instance. Disease 1 may 
be associated with four biomarkers: A, K, M, and T; Disease 2 may be associated with five 
biomarkers: B, D, F, L, and P; and Disease 3 may be associated with three biomarkers: B, T, 
and Y. Each biomarker may have its migration time through the separation capillary and peak 
that may be detected by the detector 86. If an individual is predisposed or concern about the 
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disease 2, then the individual may select a system of capillaries and valves with at least five 
analyte concentrators where each analyte concentrator has an affinity towards the analytes or 
biomarkers B, D, F, L, and P, respectively, or in any order. In the case of detecting disease 3 
with three biomarkers, concentrators 34, 36, and 38 as illustrated in Figure 9 or Figure 14 may 
be used to isolate biomarkers B, T, and Y, respectively. Alternatively, as illustrated in Figure 
22, a separation capillary 28 having three types of antibodies 140, 150, and 160 within its 
interior wall between the valves 104 and 108 may be used to isolate the biomarkers B, T, and 
Y, in any order. Likewise, the separation capillaries 30 and 32 may be used to isolate 
biomarkers A, K, M, and T for the disease 1 , and biomarkers B, D, F, L, and P for the disease 
2, respectively. As such, one system of capillaries and valves may be used to isolate 
biomarkers for more than one disease. 

[00359] The individual may install the system of capillaries and valves into the platform 12 
and locked it in placed with tiie holders 49, For isolating tite biomarkers, the individual's 
specimen such as urine may be provided into the sample cup 15. Other specimen such as blood, 
hair, and nail may be provided. The CPU may then send the control signals 266 to operate the 
apparatus 10 according to the steps generally discussed in Figure 12 to isolate the analytes of 
interest or the biomarkers firom the specimen provided by the individual. The detector 86 may 
then obtain the data for each of the biomarkers in terms of their respective migration time and 
peak. For instance, if the individual providing the specnnen does have the disease 3, then the 
detector 86 may find three biomarkers B, T, and Y, each having its respective migration time 
through the separation capillary and peak. On tiie other hand, if the individual does not have the 
disease 3, then one or two of the biomarkers may be detected fi:om the specimen but not all 
three biomarkers. This data information 268 may be analyzed in a variety of ways. For 
instance, the data information 268 may be provided to the CPU 262, which is then compared 
with the plurality of reference data stored in the memory 264. The CPU may find that the 
biomarkers do indicate that the specimen provided by the individual has the disease 2 if all 
three biomarkers are found to have substantially similar respective migration time and peak as 
compared to the migration time and peak indicated in the reference data stored in the memory 
264. On the other hand, if at least one of the biomarkers do not substantially match up with the 
migration time and the peak, then the CPU may indicate that the individual may not have the 
disease 2. 
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[00360] To check on the test result ftom the CPU, the individual may send the data 268 to 
an evaluator 270 such as a sfpecialist or doctor to examine Ihe data to confirm or deny that the 
biomarkers correspond to a disease. The evaluator may provide a feedback 272 to the CPU 262 
so that the individual may take the next step based on the feedback provided by the evaluator. 
The memory may be upidated by the evaluator if new biomarkers are found that corresponds to 
a particular disease. In addition, the evaluator 270 and the memory 264 may be provided 
remotely and the data 268 and feedback 272 may be provided electronically such as through the 
Internet. Alternatively, the CPU 262 may send the data information 268 directly to the 
evaluator 270 for analysis of the data and a feedback to the CPU. In other words, the CPU may 
skip the comparison of the data 268 with the reference data stored in the memory 264 and go 
directly to the evaluator 270 for the analysis, 

[00361] While specific examples have been provided, the above description is illustrative 
and not restrictive. Any one or more of the features and not restrictive. Any one or more of the 
features of the previously described embodiments can be combined in any maimer with one or 
more features of any other embodiments in the present invention. Furthermore, many 
variations of the invention will become apparent to those skilled in the art upon review of the 
specification. 
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